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ABSTRACT 


A NEW  HYPOTHESIS  OF  MULTIPLE  SCLEROSIS 
Hubert  S.  Mickel,  M.D. 

Department  of  Neurology,  Children's  Hospital  Medical  Center,  Boston, 
Massachusetts  02115,  U.S.A. 


Current  hypotheses  of  the  pathogenesis  of  multiple  sclerosis 
center  primarily  around  viral  and/or  auto-immune  etiologies. 

However,  a dietary  hypothesis  has  been  proposed  by  Swank,  such  that 
a high-fat  diet  tends  to  favor  the  disease.  The  anatomical 
localization  of  lesions  around  the  post-capillary  venules  in  white 
matter  has  been  demonstrated  by  Fog.  Alterations  in  platelet 
adhesiveness  has  been  found  during  actacks  of  multiple  sclerosis. 
Reduced  linoleic  acid  has  been  noted  in  both  plasma  and  in  areas  of 
white  matter  not  demyelinated,  during  attacks  of  recent-onset 
multiple  sclerosis. 

This  hypothesis  implies  a role  for  the  peroxide  of  arachidonic 
acid,  a fatty  acid  formed  from  linoleic  acid.  Arachidonic  acid,  a 
major  constituent  of  human  platelet  phospholipids,  when  peroxiaized, 
induces  platelet  aggregation.  Peroxidizea  arachidonic  acid  is 
demonstrable  in  platelets  following  adsorption  of  foreign  materials 
on  the  surface,  presumably 
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Iniernaiional  Medical  News  Service 

HOLLYWOOD,  Fla.  — The 
pathogenesis  of  multiple  sclerosis  may 
be  an  indirect  effect  of  enteric  infec- 
tion, rather  than  of  direct  infect  in  of 
the  glial  cells.  Dr.  Hubert  S.  Mickel 
said  at  the  50th  anniversary  congress 
of  the  Pan  American  Medical  Associ- 
ation. 

Sclerotic  plaques  may  be  caused  by 
toxic  lipid  peroxides  absorbed  or 
manufactured  after  enteric  infection, 
reacting  with  white  matter  in  the  ner- 
vous system,  said  Dr.  Mickel,  of 
Children's  Hospital  Medical  Center’,  * 
Boston. 

Enteric  infection  frequently  pre- 
ceeds  the  onset  of  multiple  sclerosis 
(ms),  and  may  lead  to  introduction  of 
chemically  reactive  lipid  peroxides 
into  the  body  in  several  ways.  , 

Infection  may  disrupt  the  normal 
barriers  against  uptake  of  the 
peroxides  through  the  intestine  and 
may  lead  to  the  conversion  of  ,x 
endogenous  lipid  to  peroxide  by  re- 
leased lysosomal  peroxidases. 
Endotoxin,  which  can  stimulate 
peroxidase  activity  in  platelets,  may 
pass  more  easily  through  inflamed  in- 
testinal mucosa,  he  said. 

Once  in  the  body,  lipid  peroxides 
can  react  with  other  molecules  to  , • 
create  the  molecular  pathology  of  ms. 
Proteins  can  be  denatured  or  inacti- 
vated when  lipid  peroxides  react  with 
their  sulfhydryl  groups,  and  the 
peroxides  can  attack  other  polyun- 
saturated fatty  acids,  such  as  linoleic 
acid. 

Patients  wiht  ms  have  reduced 
scrum  linoleic  acid  levels.  Dccrcassec! 
linoleate  levels  appear  to  increase 
platelt  adhesiveness  experimentally,  a 
cotttlition  also  found  in  ms  victims.  . 

Aggregation  of  platelets  in  sites  of 
greatest  stasis,  postcapilllary  venules, 
may  result  in  the  release  of 
peroxidized  lipids  that  could  damage 
endothelial  cells  and  adjuacent 
oligodendroglia  cells.  This  would  ex- 
plain the  perivcnular  distribution  of 
demyelinating  plaques.  Dr.  Mickel 
said.  s 

Some  investigators  have  suggested 
that  ms  may  have  an  autoimmune 
etiology.  Peroxide-denatured  proteins 
associated  with  endothelial  and 
olicodenroglia  cells  could  evoke  an 
immune  resoon.se  in  the  patient. 


Chronic  ms  may  be  different  from 
the  initial  attack  in  that  autoimmunity, 
rather  than  peroxidalivc  mechanisms, 
could  predominate,  lie  said. 

One  implication  of  a peroxide 
mechanism  for  ms  is  that  a diet  high  in 
polyunsaturated  fats  and  low  in  an- 
tioxidants should  have  a deleterious 
effect  on  the  patient.  Vegetable  fats, 
although  more  polyunsaturated  than 
animal  fats,  contain  more  antixoid- 
ants.  Peroxidation  is  a greater  danger 
with  unsaturated  fatty  acids  of  animal 
origin  than  ol  plant. 

end 
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MULTIPLE  SCLEROSIS:  A SEW  HYPOTHESIS 

HUBERTS.  MICHEL* 


Introduction 

“Despite  a continuing  advance  in  knowledge  concerning  main  aspects 
of  multiple  sclerosis  and  the  existence  of  several  not  entirelv  implausible 
aetiological  theories,  a number  of  experienced  workers  in  this  held  have 
professed  that  thev  would  not  be  too  surprised  if  the  final  answer  to  the 
questions  of  causation  and  pathogenesis  in  multiple  sclerosis  involved 
entirely  novel  or  hitherto  unsuspected  disease  processes"  [1], 

Multiple  sclerosis,  as  a clinical  and  pathological  entitv,  was  first  de- 
scribed by  Cruveilhier  [2]  and  Carswell  [3).  The  term,  "sclerose  en 
plaques."  ap|>eared  in  the  literature  in  1S6(5  in  a report  In  Vnlpian.  in 
which  two  cases  were  described  hv  Charcot  1 II-  Charcot  called  attention 
to  mild  cases  and  formes  frustrs.  but  further  description  of  the  disease 
— including  the  triad  of  nystagmus,  scanning  speech,  and  intention 
tremor — is  also  attributed  to  him  [5-7). 

Many  different  etiologies  have  been  suggested  for  multiple  sclerosis. 
A prominent  consideration  has  been  an  infectious  origin  of  the  disease. 
In  188-4,  Marie  stated  that  it  might  be  a complication  ol  a number  ol 
infectious  illnesses  [8).  Charcot  suggested  a relationship  to  an  antecedent 
illness  and  cited  cases  that  had  followed  cholera,  smallpox,  and  tvphoid 
fever.  Bullock,  in  1915  [9],  and  five,  in  1921  [ID),  claimed  to  have 
transmitted  multiple  sclerosis  from  man  to  rabbits,  using  cerebrospinal 
fluid  injections.  In  these  and  other  such  studies,  the  failure  to  identity  a 
specific  organism  has  been  a stumbling  block.  I’ette  has  pointed  out  the 
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absence  of  a preliminary  phase  in  this  disease,  seen  in  most  viral  infec- 
tions, as  well  as  the  predilection  of  most  known  neiirotrnpie  vital  inlet- 
lions  for  gray  matter  [1 1-12).  The  possibility  of  a latent  vital  infection 
causing  multiple  sclerosis  is  widely  considered,  as  suggested  In  Gad- 
jusek,  Gibbs,  and  Alpers  (Id). 

The  hypothesis  that  the  disease  is  associated  with  diffusion  of  a cir- 
culating invelinolv  tic  toxin  oren/vme  was  proposed  In  Marburg  in  1 90(5 
[14],  and  again  by  Brickner  in  1 94 1 ) 13]. 

A vascular,  thrombogenic  etiology  of  multiple  sclerosis  was  postulated 
by  Putnam  in  1933.  bv  the  observation  of  the  close  proximity  of  the 
plaques  to  small  venules  in  both  brain  and  spinal  cold  [ 1 <>—  17).  l ot  ben 
Fog  has  elaborated  on  this  hypothesis  with  extensive  observations  [ IS). 

A dietary  etiology  of  multiple  sclerosis  was  proposed  bv  Swank,  who 
has  claimed  improvement  bv  treating  multiple  sclerosis  patients  with 
low-fat  diets,  especially  restricted  in  fats  of  animal  origin  [ 19-29).  Others 
have  shown  that  there  is  a decrease  in  polyunsaturated  lattv  acids  in 
plasma  [21-24]  and  in  brain  [25-28]  in  patients  with  multiple  sclerosis. 
These  observations  have  been  advanced  as  evidence  for  a dietary 
hypothesis  for  the  disease.  A diet  relatively  low  in  polv  unsaturated  lattv 
acids  and  high  in  saturated  fattv  acids  is  considered  to  predispose  to  the 
disease.  The  lack  of  confirmation  of  these  decreases  in  linoleic  acid  in 
plasma  and  brain  in  cases  of  chronic  multiple  sclerosis  has  been  ad- 
vanced as  evidence  against  the  saturated  lattv  acid  dietary  hypothesis 
[29-30], 

An  autoimmune  etiology  is  currently  also  considered  possible.  The 
accumulation  of  lymphocytes  and  plasma  cells  in  areas  of  demv  elinat ion. 
as  well  as  the  deposition  of  gamma  globulin  in  the  same  area,  supports 
this  view.  However,  there  is  no  raised  plasma  gamma  globulin  level  in 
multiple  sclerosis.  On  the  other  band,  cerebrospinal  fluid  gamma  globu- 
lin levels  are  frequently  elevated.  No  correlation  has  been  found  be- 
tween circulating  antibodies  and  the  clinical  severity  of  the  illness.  No 
clear  association  exists  between  multiple  sclerosis  and  known  autoim- 
mune diseases.  No  conv  incingly  consistent  therapeutic  response  occurs 
to  corticosteroid  administration.  Hence,  no  more  than  two  of  the 
parameters  of  immunological  disease  described  bv  Matkav  and  Burnet 
are  demonstrated  unequivocally  in  multiple  sclerosis  [31].  Nevertheless, 
there  has  been  much  interest  and  investigation  in  experimental  allergic 
encephalomyelitis  as  a model  for  multiple  sclerosis. 

We  are  presenting  a concept  of  (his  disease  in  which  each  of  these 
hvjjotheses  of  the  etiology  of  multiple  sclerosis  finds  a role. 

Hyfmthrsis 

I he  hy|N)thesis  of  the  etiology  of  multiple  sclerosis  that  we  are  pre- 
senting is  based  on  lipid  peroxidation. 
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Polvunsaturated  fatty  acids  react  in  an  autocatalvtic  manner  with 
molecular  owtjen  The  principal  primary  products  of  the  autoxidation 
ol  polvunsaturated  tatty  acids  at  ordinary  temperatures  are  hydroperox- 
ides [32—40).  The  mechanistic  aspects  of  lipid  hvclropstoxide  formation 
has  been  proposed  to  involve  a free  radical  chain  mechanism  ( 11-46). 
The  net  effect  of  the  propagating  cycle  is  a relative  decrease  in  the 
concentration  ol  polvunsaturated  fattv  acids  due  to  their  consumption  in 
the  process  [47].  Some  antioxidants  exert  their  effect  as  free  radical 
acceptors  and  in  so  doing  terminate  chain  reactions  [48]. 

The  ver\  high  chemical  reactiv  ity  of  lipid  peroxides  can  result  in  their 
denaturation  of  proteins,  bv  the  attack  on  sulfhvdrvl  groups  ar  1 other 
nucleophiles  [4(4-56].  Sulfhvdrvl  groups  are  frequently  associated  with 
reactive  sites  of  cn/vmes,  so  that  en/vmatic  activities  can  be  all  cted  bv 
the  pcroxidative  attack  of  lipid  peroxides  on  proteins  [31]. 

The  lipid  peroxides  th.u  might  be  implicated  in  the  pathogcnesi  of 
multiple  sclerosis  might  arise  from  the  gastrointestinal  tract.  There  ap- 
pears to  be  a partial  barrier  to  the  absorption  of  pure  lipid  peroxides 
from  the  intestine  [52-33].  which  might  be  related,  in  part,  to  shedding 
of  damaged  mucosal  epithelial  cells  into  the  intestinal  lumen.  Autox- 
idi/ed  fats  contain  hv  dro  peroxides  and  polymers,  but  only  the  peroxides 
are  considered  toxic  [54].  Autoxidized  fats  are  toxic  if  led  to  animals  in 
sufficient  amounts.  Degwitz  and  Lang  showed  that  feeding  autoxidized 
soy  bean  oil  resulted  in  weight  loss  and  was  fatal  to  voting  rats  [55]. 

The  absorption  of  lipid  peroxides  might  be  markedly  affected  bv  en- 
teric inflammation.  The  epidemiology  of  multiple  sclerosis  parallels  that 
of  poliomyelitis  and  suggests  an  enteric  viral  infection  such  as  in 
poliomyelitis  to  be  associated  with  multiple  sclerosis  [56].  it  might  be  that 
anv  of  a number  of  enteric  viruses  could  produce  the  postulated  de- 
rangement of  fat  absorption.  On  the  other  hand,  both  Charcot  and 
Marie  suggested  a relationship  to  antecedent  infectious  illness,  so  that  it 
might  be  that  the  enteric  infection  need  not  be  viral.  If  a number  of 
agents  could  produce  (his  effect,  there  would  be  no  specific  infectious 
etiology  demonstrable  in  multiple  sclerosis.  Epidemiology  should  paral- 
lel that  of  enteric  virus  infections  in  general.  !n  this  manner,  the  relative 
lack  of  immunity  to  enteric  viruses  in  more  northerly  locations  could 
explain  the  relative  risk  of  multiple  sclerosis  that  migrating  groups  have 
demonstrated  [57-60],  Simply  stated,  if  one  had  had  exposure  to  enteric 
viruses  at  an  early  age.  there  would  be  less  chance  of  developing  an 
enteric  v iral  infection  during  adolescence  or  adulthood,  and.  therefore, 
less  chance  of  developing  multiple  sclerosis. 

However,  there  are  epidemiological  data  supporting  the  concept  of  a 
latent  viral  infection  in  multiple  sclerosis,  in  that  individuals,  drinking 
the  same  contaminated  water  supply  in  their  youth,  developed  multiple 
sclerosis  after  a comparable  "incubation  period"  [6 1 1.  In  this  case,  the 
proposed  primary  infection  is  enteric,  and  the  presumption  is  that  the 
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infection  occurs  secondarily  in  the  brain.  Could  it  not  be  that  the  latent 
viral  infection  occurs  in  the  intestine  and  that  the  pathogenetic 
mechanisms  evoked  by  the  virus  many  sears  later  also  be  located  there? 

We  propose  the  following  relationship  of  acute  or  chronic  enteric 
infections  to  the  absorption  of  lipid  peroxides.  The  first  is  that,  with  an 
enteric  infection,  the  natural  barrier  to  absorption  of  lipid  peroxides  is 
broken  down.  The  second  is  that,  with  an  enteric  infection,  there  is 
enhanced  peroxidation  of  endogenous  lipids  as  a result  of  the  release  of 
lysosomal  peroxidases.  A third  is  that,  with  an  enteric  infection,  there  is 
absorption  of  materials  such  as  endotoxin,  resulting  in  peroxidation  of 
lipids.  A combination  of  these  alternatives  is  possible.  With  each  of  these 
possibilities,  a diet  rich  in  fats  and  low  in  antioxidants  should  be  deleteri- 
ous. Although  fats  of  animal  origin  are  more  saturated  than  fats  of 
vegetable  origin,  they  also  contain  less  natural  antioxidants.  L'nsaturated 
fatty  acids  in  animal  fats  might  then  be  more  susceptible  to  peroxidation 
than  those  of  vegetable  origin. 

Peroxidase  activity  is  ubiquitous  to  all  mammalian  tissues  [62],  The 
neutrophilic  granulocyte  contains  a mveloperoxida.se  which  is  involved 
in  the  antimicrobial  svstem  associated  with  phagocvtosis  [63]. 
Myeloperoxidase  is  present  in  the  neutrophil  in  verv  high  concentra- 
tions [64-65]  and  appears  to  be  associated  with  Ivsosomes  [66-69].  Hy- 
drogen peroxide  is  formed  during  the  process  of  phagocvtosis  [70-74]. 
Hydrogen  peroxide  formed  might  attack  polyunsaturated  fattv  acids. 
Comparably,  there  might  be  a reduction  in  the  cellular  content  of  antiox- 
idants, resulting  from  the  diffusion  of  hvdrogen  peroxide.  Since  perox- 
idase activity  is  demonstrated  in  mammalian  tissue,  it  is  not  unreason- 
able to  propose  enzvme  activity  within  intestinal  mucosal  cells,  or  within 
cells  responding  to  viral  or  bacterial  infection  within  the  intestinal  mu- 
cosa. Under  these  circumstances,  one  might  presume  that  there  is  al- 
tered absorption  of  lipid  peroxides,  or  even  formation  of  lipid  peroxides 
de  novo  as  a result  of  the  inflammatory  process  in  the  intestinal  mucosa. 

Increased  absorption  of  lipid  peroxides  would  initiate  further  chain 
reaction  propagation,  resulting  in  peroxidative  attack  on  other  polvun- 
saturated  fatty  acids.  Plasma  linoleic  acid  is  reported  to  be  decreased  in 
multiple  sclerosis  [21-24,  75],  That  others  have  not  found  decreased 
plasma  linoleate  in  cases  of  chronic  multiple  sclerosis,  even  in  exacerba- 
tion, suggests  that  a peroxidative  mechanism  might  not  be  operative  in 
the  chronic  form  of  the  disease  [29,  76], 

A correlation  between  the  decrease  in  plasma  linoleii  acid  and  in- 
crease in  platelet  adhesiveness  has  been  found  it  multiple  sclerosis 
[77-78J.  An  alteration  in  platelet  function  is  an  observation  tepotted 
frequently  in  multiple  sclerosis  [79-85],  A decrease  in  plasma  linoleate  m 
multiple  sclerosis  might  be  the  result  of  peroxidative  vonsumption  of 
polyunsaturated  fatty  acids  [47],  Altered  platelet  function  might  be  the 
result  of  peroxidized  fatty  acids  adsorbed  onto  platelet  mii  bites  |N6j. 

366  | Hubert  S.  Micket  • Multiple  Sclerosis 


It  has  been  demonstrated  that  the  phenomenon  of  platelet  adhesive- 
ness is  comparable  to  platelet  aggregation  [87).  In  elaborating  this 
hypothesis,  the  altered  platelet  adhesiveness  found  in  multiple  sclerosis 
is  correlated  with  the  finding  of  enhanced  platelet  aggregation  resulting 
from  peroxidized  arachidonic  acid.  In  the  presence  of  peroxidi/ed 
arachidonic  acid,  human  platelets  harvested  even  24  hours  previous!} 
aggregate  vigorously  and  abruptly.  Peroxidized  arachidonic  acid  can  be 
recovered  from  a pellet  of  platelets,  after  incubation  with  the  perox- 
idized lipid  in  vitro,  suggesting  that  the  peroxidi/ed  fatty  acid  can  be 
associated  with  platelet  surfaces  without  destruction  [86],  Lipid  perox- 
ides have  been  recovered  from  human  platelets,  increasing  with  the 
harvested  age  of  the  platelets  [88-89]. 

Platelets  have  been  described  as  spongelike,  since  they  carry  mans 
substances  on  their  surfaces  [90-91  ].  Free  fatty  acids  have  been  adsorbed 
onto  platelet  surfaces  [92],  Therefore,  we  propose  that  peroxidi/ed 
arachidonic  acid,  which  enhances  platelet  aggregation,  might  be  ad- 
sorbed onto  the  surface  of  platelets  in  \ivo,  without  the  labile  peroxyl 
group  being  destroyed,  since  this  phenomenon  appears  to  occur  during 
in  vitro  studies  [86], 

Still  another  possibility  whereby  lipid  peroxides  might  occur  in  associ- 
ation with  platelets  could  be  with  formation  of  lipid  peroxides  by  platelet 
peroxidase  [93],  The  finding  of  peroxidase  activity  is  a pronounced 
histochemical  feature  of  megakaryocyte  derivatives  [94],  The  adsorption 
of  materials  such  as  thrombin,  polystyrene-latex  particles,  or  heterolo- 
gous antibody  onto  platelets  results  in  the  production  of  increased 
amounts  of  lipid  peroxides,  presumable  resulting  from  platelet  perox- 
idase [95],  It  has  been  shown  that  endotoxin  has  a marked  affinity  for 
adsorption  onto  platelets  [96-97],  Platelet  peroxidase  might  be  activated 
by  the  adsorption  of  endotoxin,  which  had  been  absorbed  from  the 
intestine  as  a result  of  enteric  inflammation.  With  the  release  and  activa- 
tion of  platelet  peroxidase,  arachidonic  acid — present  in  high  concentra- 
tion in  platelet  lipids  [98] — would  be  one  of  the  principal  lipid  con- 
stituents peroxidi/ed  as  a by-product. 

Samuelsson  has  reported  the  formation  of  1 2-hydroperoxv 
arachidonic  acid  from  platelet  lipoxygenase  and  the  formation  ol  the 
endoperoxide  and  15-hydroperoxide  of  arachidonic  acid  dm  ing  pros- 
taglandin formation  in  platelets  [99-100],  The  effect  of  12-hvdroperoxv 
arachidonic  acid  on  platelet  aggregation  has  not  as  vet  been  studied. 
Mickcl  X:  Uorbar  have  rejxirted  vigorous  platelet  aggregation  resulting 
from  15-hydroperoxv  arachidonic  acid. 

Some  observations  that  suggest  this  sequence  ol  events  are  available. 
In  perinatal  telencephalic  leukoencephalopathv . white  mattei  damage  in 
the  neonatal  infant  is  st rough  correlated  with  the  finding  of  postmottem 
gram-negative  bacteremia  [ 101 1.  Furthermore,  intrapetitone.il  injection 
of  endotoxin  in  the  neonatal  kitten  results  in  significant  white-mattei 
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damage  (102-103].  As  in  multiple  sclerosis,  so  in  in  tains  riving  with 
|H’iinatal  telencephalic  lcuknenccphalnpathv.  a decrease  in  pnlvunsatu- 
rateri  fatly  acids  is  found  in  white  matter  (101],  an  observation  t hat  can 
l>e  explained  by  lipicl  peroxidation  [17]. 

The  marked  adsorption  of  endotoxin  onto  platelets  and  the  marked 
peroxidase  activity  in  platelets  suggests  that  platelets  serve  a scavenger 
function  within  the  circulation  [97].  With  an  overwhelming  amount  of 
endotoxin,  there  is  development  of  endotoxic  shock,  possible  resulting 
from  widespread  peroxidative  damage.  On  the  other  hand,  with  lesser 
amounts  of  endotoxin  or  other  materials  adsorbed  onto  platelets  with 
resulting  lipid  peroxidation  as  a by-product  of  the  platelet  peroxidase, 
one  can  explain  how  affected  platelets  could  pass  through  the  lungs: 
peroxidation  of  platelet  arachidonic  acid  would  occur  to  a greater  extent 
intraarterially,  since  a higher  pOa  occurs  there,  f urthermore,  since 
myeloperoxidase  and  uterine  peroxidase  have  been  shown  to  be  en- 
hanced by  estrogens  [105-1  Ob],  it  is  possible  that  platelet  peroxidase  is  as 
well.  The  greater  incidence  of  multiple  sclerosis  in  females  might  be 
explained  in  this  manner. 

Enhanced  platelet  aggregation  associated  with  adsorbed  peroxidizecl 
arachidonic  acid  might  be  critical  in  the  pathogenesis  of  multiple- 
sclerosis.  If  platelets  tend  to  adhere  to  each  other,  ihev  are  most  hkelv  to 
do  so  in  those  sites  where  there  is  greatest  stasis,  such  as  postcapillarv 
venules.  Aggregation  of  platelets  there  could  result  in  the  release  of  the 
peroxidizecl  lipid.  With  adherence  of  platelets  to  the  post  capillars  venu- 
lar  wall,  the  lipid  peroxide  might  damage  endothelial  cells  and  adjacent 
oligodendroglial  cells.  Platelet  thrombi  as  such  need  not  occur.  The 
observed  perivenular  distribution  of  deinyelinating  plaques  in  multiple- 
sclerosis  might  be  the  result  of  lipid  peroxidative  attack  on  susceptible 
sulfhydryl  groups  of  membrane  proteins  associated  with  endothelial  and 
oligodendroglial  cells. 

The  selective  damage  to  white  matter  in  multiple  sclerosis  might  he 
the  consequence  of  its  susceptibility  to  peroxidativ  e attack.  Since  myelin 
does  not  contain  much  polvuusaturatcd  lativ  acid  ( 107],  oligodendroglia 
might  not  require  high  intracellular  concentrations  of  antioxidants  to 
protect  against  the  random  endogenous  formation  of  lipid  peroxides. 
White  matter  might  have  little  enzvmatic  capability  of ' destroving  lipid 
peroxides,  since  little  lipid  peroxide  should  be  formed  within  mvelm 
itself.  Appreciable  peroxidase  activitv  has  been  found  in  periventricular 
glia  and  ependymoriv tes,  but  no  mention  is  made  of  peroxidase  activitv 
in  oligodendroglia  [ 1 08- 1 09].  Srebro,  Cichocki,  and  (iotlula  stated.  Al- 
though peroxidase  activitv  in  the  brain  is  localized  to  oulv  one  or  two 
tv|K-s  of  glial  cells,  it  is  nonetheless  constantlv  found  at  characteristic 
sites,"  namely,  periventricularly  [108].  With  less  peroxidase  activitv, 
oligodendroglia  should  not  require  as  much  protection  against  mtracel- 
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lular  peroxidation.  With  less  protection  against  intracellular  peroxida- 
tion, cells  might  become  more  vulnerable  to  damage  from  exposure  to 
extracellular  lipid  peroxides,  as  is  proposed  here.  The  raritv  ol  multiple 
sclerosis  in  childhood  might  be  related  to  different  en/ymatic  activities 
of  oligodendroglia  involved  in  the  synthesis  of  myelin;  that  is,  oligoden- 
droglia  might  be  less  susceptible  to  exogenous  peroxidative  attack  under 
these  circumstances. 

Enchanted  platelet  aggregation  from  peroxidi/ed  arachidonic  acid 
could  explain  the  abnormalities  of  small  venules  in  multiple  sclerosis 
suggested  by  the  frequent  occurrence  of  perivenous  sheathing  of  the 
retina  in  the  disease  [18].  Roi/in,  Abell,  and  Winn  examined  blood  flow- 
through small  conjunctival  vessels  under  direct  microscope  in  multiple 
sclerosis  patients  and  observed  an  increased  tendency  for  cells  to  aggre- 
gate in  the  majoritv  of  their  cases  [ 1 10],  Abnormalities  in  nail-bed  capil- 
laries were  demonstrated  in  multiple  sclerosis  patients  bv  Gotnirato 
[11 1]  I ncreased  capillary  fragility,  which  might  be  explained  bv  damage 
to  the  capillary  endothelium,  was  reported  bv  Shulman  et  al.  [1 12]. 

It  has  been  shown  that  erythrocytes  are  also  altered  in  this  disease. 
Las/lo  reported  a highly  significant  increase  in  osmotic  fragility  of 
erythrocytes  in  multiple  sclerosis  [1 13],  a finding  confirmed  bv  Caspars  , 
Sewell,  and  Field  [1 14].  l’lum  and  Fog  showed  that  the  mean  erythrocyte 
diameter  was  increased  in  multiple  sclerosis  [113].  I bis  phenomenon 
can  be  explained  by  peroxidation  of  constituents  of  the  erythrocyte 
membrane;  conditions  resulting  in  lipid  peroxidation,  such  as  exposure 
of  erythrocytes  to  a pure  oxygen  atmosphere  at  high  pressures  either  in 
vitro  or  in  vivo,  result  in  increased  osmotic  fragility  and  appreciable 
hemolysis  [1 16-1 17]. 

As  with  the  intraperitoneal  injection  of  endotoxin  in  kittens 
[102-103],  so  the  intraperitoneal  injection  of  linoleate  hydroperoxide  in 
chicks,  fed  an  antioxidant-deficient  diet  for  3—4  weeks  containing 
sufficient  linoleate  to  produce  encephalomalacia.  results  in  cerebral 
damage — including  hemorrhage — and  even  death  [118],  It  is  possible 
that  this  effect  results  f rom  the  transport  of  linoleate  hydroperoxide  to 
brain  from  the  peritoneal  cavity  on  platelet  surfaces  [86], 

Should  a peroxidative  mechanism  be  implicated  in  multiple  sclerosis, 
one  might  expect  to  see  a decrease  in  the  plasma  lecithin-cholesterol 
acyltransferase  reaction  (plasma  LCAT  reaction),  since  it  has  been  re- 
ported by  us  to  be  decreased  by  peroxidi/ed  lecithin  in  vitro  and  bv 
conditions  predisposing  to  lipid  peroxidation  in  vivo  [ 1 19-121  ].  \o  ap- 
preciable decrease  in  the  plasma  LCAT  reaction  is  demonstrable  in  mul- 
tiple sclerosis  [122].  Also,  we  have  unpublished  results  showing  no  ap- 
preciable effect  of  peroxidi/ed  arachidonic  acid  on  the  plasma  LCAT 
reaction,  although  peroxidi/ed  lecithin  produces  a marked  inhibition. 
The  pro|>osal  that  peroxidi/ed  arachidonic  acid  is  implicated  in  multiple 
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sclerosis  is  not  in  conflict  with  the  lack  of  reduction  of  the  plasma  LCAT 
reaction  in  multiple  sclerosis.  One  might  presume  that  peroxidi/ed 
lecithin  is  not  involved  in  multiple  sclerosis.  Stated  simplv,  clinical  man- 
ifestations associated  with  lipid  peroxidation  might  depend  upon  the 
specific  lipid  peroxidi/ed. 

If  peroxidi/ed  fatty  acids  were  to  attack  sulfhydrsi  groups  of  proteins 
associated  with  endothelial  or  oligodendroglial  cells,  there  might  he  de- 
naturation  of  proteins  and  destruction  of  enzymes  [51 ).  The  denatured 
protein  could  serve  as  an  antigen  for  the  induction  of  an  autoimmune 
process.  An  autoimmune  response  could  result  in  the  evolution  of  dam- 
age in  the  area  of  the  demyelinating  plaque.  The  infiltration  of  lympho- 
cytes could  also  be  accounted  for.  The  elevation  of  gamma  globulin  in 
the  cerebrospinal  fluid  in  cases  of  chronic  multiple  sclerosis  and  the 
frequent  absence  of  elevation  during  the  initial  attack  might  well  be 
expected.  In  other  words,  there  might  be  an  inciting  cause  of  multiple 
sclerosis  related  to  a peroxidative  mechanism  and  a secondary  response 
related  to  autoimmunity.  Exacerbations  in  multiple  sclerosis  might  occur 
as  a result  of  recurrence  of  a peroxidative  process  or  the  development  of 
autoimmunity  or  both.  The  pathogenesis  of  chronic  multiple  sclerosis 
might  then  be  different  from  that  of  the  initial  attack,  in  that  autoim- 
munity could  be  predominant. 

Another  consequence  of  a peroxidative  attack  on  white  matter  might 
be  a decrease  in  the  concentration  of  polyunsaturated  fatty  acids  [47].  A 
significant  decrease  in  polyunsaturated  fatty  acids  has  been  observed  by 
some  in  areas  demyelinated  and  even  in  areas  of  no  overt  demvelination 
[25-28].  As  one  might  expect  in  cases  of  chronic  multiple  sclerosis,  no 
reduction  in  polyunsaturated  fatty  acids  has  been  found  [29-30], 

The  concept  of  lipid  peroxidation  and  the  effect  of  peroxidi/ed 
arachidonic  acid  on  platelets  provides  a means  whereby  one  can  account 
for  diverse  observations  known  about  multiple  sclerosis.  The  hypothesis 
incorporates  much  of  the  dietary,  toxic,  infectious,  and  autoimmune 
theories  of  the  disease.  The  lipid  peroxidative  mechanisms  outlined  here 
could  account  for  the  parallel  in  epidemiology  in  Finland  between  mul- 
tiple sclerosis  and  nutritional  muscular  dystrophy,  another  entity  in 
which  a peroxidative  mechanism  is  presumably  involved  [123]. 

In  summary,  a diet  rich  in  fat  is  likely  to  be  rich  in  lipid  peroxides.  If 
there  were  altered  metabolism  in  the  intestinal  tract,  as  with  infection,  it 
is  possible  that  there  would  be  increased  absorption  ol  these  peroxides. 
Peroxides  adsorbed  onto  platelets  would  increase  their  tendency  to 
aggregate.  Alternately,  absorption  of  endotoxin  or  other  material  and  its 
adsorption  onto  platelets  might  result  in  lipid  peroxides  Its  peroxidase 
activity.  Aggregation  of  platelets  might  occur  in  the  postcapillars  scuttles 
of  the  brain,  with  release  of  the  adsorbed  peroxidi/ed  arachidonit  ar  id. 
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which,  in  turn,  crosses  the  “blood-brain  barrier."  White  matter  might  be 
uniquely  vulnerable  to  damage  from  peroxidi/cd  fatty  acids.  En/vmatic 
damage  to  endothelial  cells  and  surrounding  oligodendroglia  could  re- 
sult from  peroxidative  attack  on  sulfhydryl  groups  and  other  nu- 
cleophiles. Denatured  proteins,  resulting  from  peroxidative  attack, 
might  serve  as  an  antigen  in  the  development  of  an  autoimmune  pro- 
cess, which,,  in  turn,  could  result  in  further  damage  to  white  matter, 
• possibly  progressing  to  a chronic  state  of  continuing  damage  to  white 

matter. 
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SUMMARY 


The  present  study  compares  cholesterol  esterification, 
vitamin  E levels,  carotene  levels,  phospholipid  levels,  and 
total  cholesterol  levels  in  sera  of  patients  with  cystic  fibrosis 
and  of  unaffected  individuals. 

There  is  a reduction  in  the  extent  of  esterification 
of  cholesterol  by  the  plasma  lecithin-cholesterol  acyltransf erase 
(LCAT)  reaction  in  patients  with  cystic  fibrosis,  compared  with 
unaffected  controls.  An  unequivocal  reduction  in  vitamin  E 
concentration  as  well  as  in  carotene  concentration  was  also 
associated  with  the  cystic  fibrosis  group.  Both  cholesterol 
and  phospholipid  concentrations  were  reduced  in  the  cystic 
fibrosis  group,  although  the  extent  of  reduction  was  less  marked 
than  the  vitamin  E and  carotene  levels. 

The  reduced  LCAT  esterification  could  result  from 
poor  absorption  of  tocopherol  from  the  intestine  and  subsequent 
peroxidative  damage  to  the  sulfhydryl  groups  associated  with  the 
enzyme  as  well  as  from  reduced  substrate  concentrations 
resulting  from  poor  absorption  from  the  intestine. 


SPECULATION 


The  observed  reduced  lecithin-cholesterol  acyl- 
transi'erase  esterification  in  cystic  fibrosis  could  be  the 
result  of  poor  absorption  of  vitair.in  E froii.  the  intestine 
and  subsequent  peroxi dative  damage  to  the  sulfhydryl  grouse 
associated  with  the  enzyme  as  well  as  be  the  result  of  reduces 
substrate  concentrations,  also  resulting  fro;.,  their  poor 
absorption  from  the  intestine. 


INTRODUCTION 

The  reduction  in  plasma  o(-tocopherol  concentrations, 
which  has  been  reported  in  cystic  fibrosis  (8),  has  been 
attributed  to  poor  absorption  of  fat-soluble  materials  from 
the  intestine  (10).  Reduced  cholesterol  esterification  by 
the  plasma  lecithin-cholesterol  acyltransferase  reaction  is 
associated  with  vitamin  E deficiency  in  the  monkey  (6,7)  and 
in  the  rat  (H).  The  present  study  compares  cholesterol 
esterification,  vitamin  E levels,  carotene  levels,  phospholipid 
levels,  and  total  cholesterol  levels  in  sera  of  patients  with 
cystic  fibrosis  and  of  unaffected  individuals. 


MATERIALS  AND  METHODS 


Sera  from  eight  patients  with  cystic  fibrosis  and 
from  four  unaffected  controls  were  assayed  for  cholesterol 
esterification  by  the  lecithin-cholesterol  acyltransferase 
( LCAT ) reaction.  The  increase  in  concentration  of  cholesterol 
esters  in  serum  was  determined  after  a 24  hour  incubation  at 
37  C.  Lipids  were  extracted  from  the  serum  samples  before 
and  after  incubation  with  chloroform  : methanol  (2:1,  v/v). 
Chromatographic  separation  of  cholesterol  and  cholesterol 
esters  was  accomplished  with  1 gram  silica  gel  columns,  using 
the  method  of  Hirsch  and  Ahrens  (3).  Cholesterol  concentration 
was  determined  by  the  method  of  Rosenthal,  Pfluke,  and 
Busacaglia  (:9;).  Vitamin  E and  carotene  levels  were  determined 
by  the  fluorometric  method  of  Hansen  and  Warwick  (2).  Phospho- 
lipid levels  were  determined  by  the  method  of  Bartlett  (1). 


RESULTS 


There  is  a reduction  in  the  extent  of  esterification 
of  cholesterol  by  the  plasma  lecithin-cholesterol  acyltransferase 
(LCAT)  reaction  in  patients  with  cystic  fibrosis,  compared  with 
unaffected  controls.  An  unequivocal  reduction  in  vitamin  E 
concentration  as  well  as  in  carotene  concentration  was  also 
associated  with. the  cystic  fibrosis  group.  Both  cholesterol 
and  phospholipid  concentrations  were  reduced  in  the  cystic 
fibrosis  group,  although  the  extent  of  reduction  was  less 
marked  than  were  the  vitamin  E and  carotene  levels. 
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Refer  to  the  Table. 


DISCUSSION 
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Since  decreased  cholesterol  esterification  has  been 
demonstrated  in  vitamin  E deficiency  (6, 7, It]),  the  reduction 
in  cholesterol  esterification  in  sera  from  patients  with 
cystic  fibrosis  may  also  be  related  to  the  observed  decreased 
levels  of  vitamin  E.  The  reduction  in  cholesterol  esterification 
might  be  related  to  a reduction  in  the  activity  of  the  enzyme 
itself. 

Plasma  lecithin-cholesterol  acyltransf erase 
esterification  is  sensitive  to  conditions  predisposing  to 
lipid  peroxidation.  LCAT  esterification  is  decreased  on  in  vivo 
exposure  to  a pure  oxygen  atmosphere  in  humans  (4),  and  the 
sulfhydryl  groups  of  the  enzyme  are  susceptible  to  peroxidative 
attack  in  vitro  (5).  If  vitamin  E protects  against  in  vivo 
lipid  peroxidation,  then  a reduction  in  vitamin  E levels  would 
predispose  to  a reduction  in  activity  of  those  enzymes  which 
are  susceptible  to  such  damage. 

Reduction  in  phospholipid  levels  and  cholesterol 
levels  in  cystic  fibrosis  offers  an  alternative  explanation  for 
the  observed  reduction  in  cholesterol  esterification  in  sera. 

A reduction  in  substrate  concentrations  will  result  in  a 
reduction  in  the  amount  of  cholesterol  esterified. 

The  role  of  lipid  peroxidation  in  vitamin  E deficiency 
has  not  been  fully  established,  so  that  additional  information 
is  required  before  one  can  categorically  attribute  observed 
reductions  in  cholesterol  esterification  in  cystic  fibrosis 
to  observed  reductions  in  vitamin  E levels,  especially  in  the 
presence  of  reduced  substrate  levels. 


COMPARISON  OF  CHOLESTEROL  ESTERIFICATION,  VITAMIN  E LEVELS,  AND  SERUM  LIPIDS  IN 
PATIENTS  WITH  CYSTIC  FIBROSIS  AND  IN  UNAFFECTED  INDIVIDUALS 
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Abstract 

Decreased  percentage  of  linoleic  acid  ar.d  arachidonic  acid 
was  found  in  the  total  fatty  acids  of  the  white  ratter  • lipids  in 
perinatal  telencephalic  leukcencephalopathy , v.T.icn  is  a common 
abnormality  in  white  matter  in  neonatal  humans.  A pathogenetic 
model  is  proposed  for  these  observations. 


INTRODUCTION 


Damage  in  developing  white  matter  in  infants  free  of 
diseases  considered  r.eurotoxic  was  described  as  consisting  of 
hypertrophic  astrocytes,  amphophilic  globules,  necrotic  foci, 
and  acutely  damaged  glia  in  white  matter  (Gilles  azd  Murphy, 

19 1-9) . Because  of  clustering  of  histologic  features,  the 
morphologic  definition  was  subsequently  narrowed  to  the  cluster 
of  hypertrophic  astrocytes  and  amphophilic  globules  (leviton  and 
Gilles,  1971).  The  entity  is  called  perinatal  teler. cephalic 
leukcencephalopathy . Hypertrophic  astrocytes  are  cells  with 
pale  vesicular  nuclei  and  eosinophilic  irregular  hyaline 
cytoplasm.  Such  cells  do  not  occur  in  normal  human  myelinating 
white  matter  (Mickel  and  Gilles,  1970).  Amphophilic  globules 
are  PAS  positive,  protein-rich,  mineralized  deposits  located  in 
or  near  capillaries  or  venules . 

Terminal  gram-negative  bacteremia  is  associated  with 
perinatal  telencephalic  leukoencephalopathy  by  secular  trends 
and  high  risk  ratio  (leviton  and  Gilles,  1973).  Further, 
exposure  to  endotoxin  in  the  newborn  kitten  induces  a 
leukoencephalopathy  which  is  characterized  by  cellular 
astrogliosis  with  hypertrophic  astrocytes,  focal  areas  of  cystic 
necrosis,  and  deposits  of  globular  debri,  either  mineralized  or 
eosinophilic  (Gilles  et  al.,  1977). 

Endotoxin  has  been  postulated  as  involved  in  the 
pathogenesis  of  damage  tc  myelinated  white  matter  in  multiple 
sclerosis,  by  inciting  platelets  to  produce  peroxidized 
arachidonic  acid,  which,  in  turn,  results  in  percxidative  damage 
tc  endothelium  and  to  perivenular  oligodendrcglia  (Mickel, 
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1975).  In  this  model,  polyunsaturated  fatty  acids  would  be 
consumed  by  a peroxidative  process  (Parteshko  et  al , 1972)  and 
would  account  for  the  decrease  In  polyunsaturated  fatty  acids  in 
ur.Involved  white  matter  in  multiple  sclerosis  (Baker , . 1963; 
I-ersti  et  al.,  1965;  C tunings  et  al . , 1965;  Arr.etoii  et  al . , 
1969).  A decrease  in  polyunsaturated  fatty  acids  in  white 
matter  of  infants  dying  with  perinatal  telencephalic 
leukoencephalopathy  'would  be  compatible  with  an  analogous  lipid 
peroxidative  model. 

MATERIALS  AMD  METHODS 

Three  cases  of  perinatal  telencephalic  leukoencephalopathy 
with  total  ages  (gestational  age  plus  survival  age)  of  34,  45, 
ar.d  46  weeks  were  compared  with  four  controls  with  total  ages  of 
3,  35,  45,  and  48  weeks.  The  mean  age  for  the  cases  with 
perinatal  telencephalic  leukoencephalopathy  was  -1.3  weeks  and 
for  the  control  group  was  40.3  weeks. 

The  frontal  pole  of  each  brain  was  removed  at  the  time  of 
autopsy  and  frozen  at  -Sf?  C without  fixation.  V.'hen  studied,  the 
brain  was  allowed  to  warm,  but  while  still  frozen,  white  matter 
was  dissected  free  of  grey  mattetr,  weighed,  homogenized  and 
extracted  according  to  the  method  of  Folch-Fi  atd  Lees  (1951). 
Methyl  esters  of  the  fatty  acids  .were  prepared  from  the  total 
lipids  using  boron  trifluoride  and  methanol.  fas 
chromatographic  separation  was  carried  out  using  columns  of  10% 
diethylene  glycol  succinate  or.  A.nakron  SD,  5C-10C  mesh,  with 
helium  as  carrier  gas,  at  a temperature  of  1 9 5 0 C . The 
percentages  were  calculated  from  the  relative  areas  of  the  peaks 
using  an  Infotronics  integrator. 


Perinatal  teler.cephali c leukoencephalopathy  trains  have 
decreased  levels  of  lincleic  acid  ( 1 8 : 2 ) ar.d  arachidonic  acid 


(20:4)  in  the  white  natter,  compared  with  unaffected  controls  of 
comparable  age  range.  Linoler.ic  acid  ( 18 : 3 ) was  not  detected  in 
any  of  the  white  matter  samples . 


CONTROL 

LINOLEIC 

ARACHIDONIC 

ACID 

ACID 

TOTAL  AGE  (Weeks) 

• 

a)  33 

0.^2? 

7.35? 

b)  35 

0.58? 

8.39? 

c)  45 

1.27? 

9-82? 

d)  48 

1.52? 

12.43? 

MEAN  + S.D. 

0.95?  + 0.53? 

9-50?  + 2.20? 

PERINATAL 

TE1ENCEPHALIC 

LE  VXOEN  CEPH ALO  ? ATHY 

TOTAL  AGE  (Weeks) 

e)  34 

c.oo? 

9-67? 

f)  45 

0.48? 

3.16? 

g)  46 

0. 00? 

0.  So? 

REAM  + S.D. 

0.15?  + 0.27? 

6.21?  + 4.75? 

Using  the  student’s  t testi,*  the  difference  in  percentage 

* v. 

between  the  two  groups  is  significant.  For  lincleic  acid  P<n 
0.005  and  for  arachidonic  acid,  ? ^ 0.01. 


Discussion 

Although  decreased  levels  of  polyunsaturated  fatty  acids 
have  been  demonstrated  ir.  ‘white  natter  v/ithout  fecal  necrosis, 
these  results  must  be  Interpreted  with  caution  in  view  of  the 
relatively  snail  number  cf  cases.  However,  the  finding  of 
decreased  levels  of  polyunsaturated  fatty  acids  in  the  white 
natter  of  brains  with  perinatal  telencephalic 

leukoencephalopat'ny  supports  the  hypothesis  that  a peroxidative 
mechanism,  induced  by  endotoxin,  is  implicated. 

Exposure  to  endotoxin  produces  white  natter  damage  in  the 
newborn  kitten,  the  newborn  rat,  as  well  as  the  nev; born  monkey. 
Morphological  findings  in  the  neonatal  monkey  consist  acutely, 
of  small  diapedetic  hemorrhages  surrounding  many  cf  the  small 
vessels  in  the  white  natter,  whereas  other  snail  vessels  are 
surrounded  by  pools  of  eosinophilic,  presumably  proteinaceous 
material  or  small,  eosinophilic  globules  (3illes et  al . , 1977). 
After  1-2  weeks  following  exposure  to  the  endotoxin,  the  lesions 
were  still  pericapillary  and  perivenular  in  location. 

A perivenular  location  occurs  with  the  small  demyel inating 
lesions  of  multiple  sclerosis  in  adult  human  white  matter 
(Putnam,  1933;  Fog,  1950;  Fog,  19 6 ^ ; Fog,  1965).  Decreased 
levels  of  linoleic  acid  in  the  plasma  (Thompson,  1566;  Baker  et 
al.,  i960;'  Baker  et  al.,  1 9 6 h ; Baker,  i960;  Tichy  and  Vymazal, 
l-"3)  and  in  the  white  matter  (Baker,  1963;  Oerstl  et  al.,  1965; 
Turnings  et  al.,  1965;  Arr.etoli  et  al.,  196°)  in  patients  with 
acute  multiple  sclerosis  suggested  that  a peroxidative  mechanism 
night  be  involved  in  the  pathogenesis  of  multiple  sclerosis 


(Mickel,  1975).  The  absence  of  these  decreases  in 
polyunsaturated  fatty  acids  in  chronic  multiple  sciercs 
(Ailing  et  al.,  1571;  Karlsscn  et  al.,  1971)  is  r.ot 
contradictory , since  a percxidative  mechanism  is  prop's 
as  an  inciting  event. 

Endotoxin  has  a marked  affinity  for  adsorption  0 
platelet  surfaces  Olagayana  et  al.,  1971;  las  et  al.,  1 
it,  like  a number  of  foreign  materials,  might  result  i 
increasing  amounts  of  lipid  peroxides  (Okumaet  al . , 19 
et  al.,  1969;  Ckuma  et  al . , 1971).  Arachidonic  acid  i 
likely  to  be  peroxidized  in  the  platelet,  since  it  is 
the  highest  concentration  of  any  polyunsaturated  fatty 
platelet  phospholipids  ("arcus  et  al . , 1969).  Arachid 
is  the  only  fatty  acid,  which,  when  peroxidized,  indue 
platelet  aggregation  (Mickel  and  Horbar,  197*0. 

Endotoxin  proposed  as  a possible  agent  to  induce 

platelet  to  form  peroxidized  arachidonic  acid,  which  i 

can  be  adsorbed  onto  human  platelet  in  vitro  without  d 

» 

cf  the  labile  peroxyl  group  (Mickel  and  Horbar,  1971). 
Eeroxidized  lipid  might  then  be  !oarried  on  the  surface 
platelets  to  the  brain,  where,  in  capillaries  and  ver.u 
-Es~egation  of  platelets  would  result  in  release  cf  th 
peroxidized  lipid  and  damage  the  surrounding  endotheli 
oligodendroglial  cells. 

Supporting  the  notion  that  lipid  peroxides  are  i 
the  white  matter  damage  induced  by  endotoxin  is  the  oh 
of  Mishida  et  al.,  (i960),  in  which  the  intravenous  in 
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ir.ro  chicks  of  linoleate  hydroperoxide  resulted  in  ataxia  arid 
white  matter  damage.  It  is  possible  that  the  peroxidised  lipid 
was  transported  to  the  brain  on  the  surfaces  of  platelets. 

Our  intention  in  describing  these  decreases  in  the 
relative  amounts  of  polyunsaturated  fatty  acid  ir.  brains  or 
infants  with  perinatal  teiencephalic  leukoencephalopathy  is  to 
suggest  further  a possible  mechanism  of  damage  to  white  matter 
to  this  disease  of  unmyelinated  white  matter. 
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ABSTR  ACT  Vitamin  1.  deficiency  in  two  species  of  monkeys  (capuchins  and  cynamoieuw  re- 
duced the  in  vitro  cholesterol  esterification  by  plasma  lecithin  cholesterol  acy llransleru.se  The  re- 
duction was  greatest  in  the  most  deficient  species  and  in  animals  ted  a diet  rich  in  polyunsaturated 
fjl  (safflower  oil)  stripped  of  vitamin  1-.  The  best  correlate  of  total  esterification  was  the  p.usrns 
concentration  of  free  cholesterol  which  reflected  the  degree  of  hyperlipidemia,  found  to  be  ere  oust 
in  capuchins  fed  coconut  oil  \ logical  explanation  for  the  decreased  I C \ 1 activity  in  manic  I 
deficiency  would  be  peroxidative  damage  ot  substrate  (the  PI  1 A ol  lecithin)  or  of  sulfhydryl  sites 
on  lecithin  chole1'  ' cvltranslerase  itself  However,  neither  case  was  fully  supported  oy  the  data 
suggesting  that  a d information  concerning  the  nature  of  the  reaction  and  the  role  of  t itamm 

I is  required.  J Clin.  \uir.  2.5:  994  999,  1975. 


Vitamin  I has  been  considered  a physio- 
logical lipid  antioxidant  which  protects 
against  continual,  random,  free  radical-cal- 
aly/cd  lipid  peroxidation  (1 ).  Presumably  due 
to  the  increased  incorporation  of  polytin- 
sa I ured  fatty  acids  (PUh  \)  into  tissue  lipids 
during  consumption  of  a high  PUi  \ diet,  a 
direct  relationship  between  dietary  unsatu- 
raled  fat  ;tnd  ihe  occurrence  of  vitamin 
I -deficiency  disease  has  been  established  (2). 
It  h is  also  been  proposed  that  vitamin  h may 
function  as  a catalytic  agent  in  the  intermedi- 
ary metabolism  of  mitochondria,  yyhere  ii  has 
,i  dir.el  ami  immediate  cited  on  terminal 
respiiaiion.  l.nrelaled  to  genetic  transcrip- 
tion, this  effect  has  been  described  as  the 
antioxidant  sparing  of  sulflmlryl  sties  or 
oiher  highly  sensitive  loci  on  enzymes  indis- 
pensable to  respiration  (3).  In  vitamin  1. 
deficiency  there  is  a decrease  in  the  activity  of 
the  enzymes  not  specific  to  energy  metabo- 
lism. .uggesting  that  tocopherol  n:a>  protect 
enzymes  susceptible  to  peroxidati'e  attack. 
In  yilro  studies  of  enzyme  inactivation  by 
lipid  peroxidation  have  shown  sulfhydryl  en- 
zymes are  most  susceptible  to  this  form  ol 
inactivation  (4.  5).  If  vitamin  1 protects 
attains!  in  vivo  lipid  peroxidation,  and  il  lipid 
peroxidation  inactivates  sulfhy dry  (-contain- 
ing enzymes,  one  might  expect  a decrease  in 
plasma  lecithin  cholesterol  acy Itransferase 
(l(  \ti  activity  in  xitutnin  I deficiency. 
Plasma  1C  \l  depends  on  sulHtx  dry  I sites 


since  its  activity  is  lost  on  exposure  to  />- 
ehloromercuribenzoate  (6).  Furthermore,  the 
LCA  I reaction  was  markedly  inhibited  by 
hydrogen  peroxide  or  peroxidi/ed  lecithin  ( . 
S)  and  activity  x'as  depressed  in  vuu  in  men 
exposed  to  a pure  oxygen  atmosphere,  a 
condition  predisposing  to  lipid  perox.  1 . 

(9).  A decrease  in  the  plasma  It  AT  re  iction 
has  been  observed  in  humans  suffering  from 
abelalipoproteinemia  (10),  a disease  process 
associated  with  low  circulating  'itamm  I 
concentrations  and  h> polipidemia  in  genera! 
(II.  12). 

This  study  was  undertaken  to  determine 
whether  there  was  any  decrease  in  the  emeriti- 
calion  of  cholesterol  in  plasma  by  the  L.CA  T 
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reaction  in  monkeys  made  deficient  in  vita- 
min li  and  fed  diets  containing  saturated  or 
polyunsaturated  fats.  Reduction  in  tile 
plasma  LCAT  reaction  in  vitamin  t.  defi- 
ciency would  support  the  concept  that  one  of 
the  metabolic  ef  fects  of  the  vitamin  is  protec- 
tion of  the  activity  of  the  sulfhydryl-contuin- 
ing  enzymes  by  prevention  of  lipid  peroxida- 
tion. 

Materials  and  methods 

A total  m!  26  Old  .ind  New  \\  orld  ir, fant  monkexs  wore 
selected  Inm  r.-  nkeys  fern  in  the  primate  breeding 
colons  of  the  Departnio;  ' of  Nulra.on  tt  the  H.  -.tfd 
School  > t Public  ile.-iih.  I’.  13  y-vdidi'hiis 
fast,  icuLins ) ind  13  cap- .liins  (CV'Vw  alhifr.tn ■ and 
ap% ‘Hen  were  iom  % :v!  1'iotv  :\„.r  dan*  «t  birth  and  ’.used 
in  the  inkin:  nnr-  erx  t 13).  i or  the  first  13  months  > ' ids 

all  the  nit*uke>N  were  u-c  in  studk  rd:  ted  to  r ■ ein 

require  men*.  or  growth.  ! ere  dter.  these  animal*-  were 
random/ed  as  ; » <e\  ttui  .'cues  and  ened  to  ••'nr  of 
four  diclar\  l.c.tmem  gr  :ps  • aned  as  to  diciarx  *.tt 
(saturated  v pol\  siripj 

flower  oil)  a*  I lama.  I - ntent  (r.o  ’ . nir.  I supplc- 
inert  or  added  \ Hamm  1 . 1 he  ^ >n  •»:  th-  diet 

h is  been  presto.  six  rep  .d  (14)  f:  d els  were  pre- 
pared ever \ 10  i4  da\s  i ‘he  form  o»  .-gar  cako  and 

wen  fed  a.l  I 1 iian  a!!ov.i;  3<  • ! kc.:i  i>  w .m  1 ; jr 

da  - .‘,J  C.'s'M  : • ll  i - II  N 1 S.  < • '.t-.v.  .. 
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in  a Packard  T ri-carb  scintillation  counter.  The  choles- 
terol - *ment  : unestenfied  and  estcrified  cholcste*  *1 
fraci-  ns.  in  b :n  incubated  and  nonincubaled  samp 
was  determined  using  the  method  of  K"  enthal  ct  al. ' . ~ • 

The  extent  esterification  K>  LC*  \T  was  calcul.r . i 
••  • ch  eryl  esters  formed  as  i ircd  b> 
mc»h<  is,  ih.  . --l  being  the  degree  o?  e si  en float  ion 
radio .:cti\e  ch  .sterol  substrate  and  the  second  a o»i  * - 
metric  deters  -..it ion  of  the  net  increase  in  choleste:.! 
ester  concent  dur  s 

tained  b\  the  s ! »nmetric  method  were  higher  since  . e 
radio. 'Otope  r cthod  measure-  onl\  ex'-geio  !•>  lab.  . d 
cholesterol  tl  . must  first  be  meorp - rated  into  I-  - 
prole:  Ixilore  can  be  estenbed  (X.  15*  Since  anal 
of  x.  uincc  ir.c  c.ilcd  ib.:l  the  sipmfk  ace  <>1  the  d . 
oht..  „d  b\  bvi:  meth« -ds  was  c npar.  de.  onlx  the  d :.i 
Iron ; e radi-  »tope  method  arc  rick,  ted 

\U’.'rq  I cnic-s  o|  i i.-.y  acids  ’ the  j -sma  ehole-u*  -j 
ester-  • ere  pr.'  red  in  sapond  .ing  the  plasma  with 
s N ' 'll.  the"  • e'.h>  la'  -e  l Ik  ’ . .e  acids  us  mg  ! - 
Bi  , n.el'“  >’i  <'  ■ (Sup  IJ.  Pei. 

\ . 

Nil,  hi*  ?.*!•':»  gas  v. ; :o;n:tt-  .;aph  a 

glass  column  3 mm  in  liuor  ter)  packed  with  I 
DLCiS  tdieih-  cnc  hco!  suev.tic'  • ■:.  \n-.kr**ni  v.' 

I Oft  ■ ( V s.  Nor:  II  v.  ( i In;  -g  ration 

peak  eas  was  determined  In  interfacing  the  gns  cl.'  - 
malo.  raph  w't-.  an  Inloiromcs  d.gital  i;.tegre.t»»r  (nn 
CKS-:  is). 

S;.  a ice  I w i>  a .-coi'pli.-.hed  using  a stand.  J 

comp. '.et i/ed  i • taicxt  . • gram  for  anui>sjx  ,?f  \ r i • • . 
of  div. fat  '.Jinn  r status,  ami  • .vr-  \ sat. 
pro  ' m wus  . 1 1 d • 1 ■■  correk  - cocffi 
! ( \ . i . . 1 . nd 

mease  ■ .d 

Results 

During  th.-  cour-  • of  ti  e fir  ! p.*rt 
piior  to  sar.  . i-.m-  for  plasma  l.C  V!  ucti-.v. 
one  a'limal  il  from  a-  .-stlie-i.  an.l  «iur. 
the  3-i:h  week  two  stickler,  deaths  .-..uirred  n 
monkeys  le.  ,::e  saflfower  oil  v’..-t  (Iciieienl  :• 
vitamin  L.  \i  the  time  of  h'oodir..  ihere  .- 
5 animals  i:-  lie.-  group  led  the  -affiowci 
diet  supplei.  utvd  with  vitamin  I la  eyi  - 
m«L*!s  and  2 capuehin.s) . nd  fi  :-nii.->a!s  in  i 
group  fed  s.  ilower  oil  with  tut  toeopl.erol  i2 
eynan-.olgus  .aid  -1  c.ipucii  nsl.  In  the  uroti:  s 
fed  e-vonut  il  diets,  tlv.-.e  were  (>  nvmke 
receiving  a itamin  I supplcmcnl  (3  c>  i - 
niolgus  and  3 capuchins)  ..nd  fi  not  reeeivi- 
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developed  a marked  hemolytic  anemia  1 ■ 
pl  isina  vital  m I s,  neemialioiis  v.eie  love  . 
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the  unsupplemetilcd  monkeys  several  weeks 
prior  lo  this  assay,  whereas  supplemented 
animals  receiving  100  mg/kg  diet  at  the  time 
of  the  assay  were  found  to  he  adequate  at 
subsequent  intervals.  Cynamolgus  monkeys 
had  lower  vitamin  1 concentrations  than 
capuchins.  The  data  on  the  anemia  and 
plasma  vitamin  I concentrations  base  been 
presented  elsewhere  (14). 

A significant  reduction  (I'  • 0.001)  in  the 

amount  of  cholesterol  esterilicd  by  pla-nia 
LCAT  was  observed  in  the  vitamin  E-defi- 
cient monkeys,  both  the  cymimolgus  .md 
capuchins.  Tins  reduction  was  most  pro- 
nounced in  those  animals  led  the  dial  com  in- 
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reflection  of  the  dietary  fat  consumed.  On 
considering  the  LCAT  activity  in  terms  of  the 
percent  of  free  cholesterol  esterilicd  in  24 
hours,  it  became  apparent  that  there  was  no 
dietary  effect  among  the  cynamolgus  (all 
ester i lied  about  30'  < ),  whereas  the  capuchins 
fed  coconut  oil  plus  vitamin  I demonstrated 
an  enhanced  percent  esterilication  (50'  ) — 
roughly  double  that  of  any  other  group  of 
monkeys. 

Vitamin  L deficiency  tended  to  lower  the 
total  plasma  cholesterol  value  in  both  species 
consuming  safflower  oil  diets,  hut  not  in  thus  ■ 
led  coconut  oil.  Ibis  decrease  was  essentially 
due  to  the  significant  decline  in  free  e’milcs- 
terol  concentrations.  The  ratio  ol  cholcstciol 
esters  to  tree  cholesterol  was  maintai:  ed 
between  3.50  5.75  with  a tendency  for  In.  her 
ratios  in  deficiency  (Table  2). 

The  total  plasma  cholesterol  concentration 
was  much  lower  in  the  capuchins  led  the 
safflower  o.l  diets  when  compared  to  sir  ! \ 
monkeys  fed  coconut  oil.  but  the  dietary  fat 
did  not  affect  the  pi 1 mi  a ch  >1  lerot  < mcc  - 
iratio  i of  the  cynamolgus.  These  dillerences 
reflcsicd  the  doubling  o)  cholesterol  csl'-r 
and  tree  cholesterol  in  the  capuchin; 
c iconut  oil  with  essentially  no  change  in 
the  cv n;  . tolgus.  rhe  e d tails  ■ uppl  1 1 
data  previously  reported  lor  these  speues 
1 18) 

Assessment  of  the  effect  of  dietary  fat  it  sell 
on  plasma  Ijiiolc ale  (1N.2)  ni.ichid.  .ate 
( 20:4  ).  and  "other"  c’lolc-  .cry  I estet  •.  I d:  s 
perce 1 1 of  total  estet  s and  in  ah 
blit'  proved  interesting.  Diet  y saltto.  a 
oil  resulted  in  ; twofold  i n ase  it 
percentage  of  ! 8 2 in  b th  .,  . ■ 1 
creased  the  tl  « lute  amo  ml  ol  I B . 
cvnamo!  is  monkey s only  ! t 1 
of  the  18:2  t ster  p >ol  in  tl  e pi  ana 
c.tpuebin.s  I cv!  coconut  oil  was  associated  w,.h 
a dot  ding  ol  the  total  cholesterol  ester 
an  expansion  resulting  from  a lourloM  in- 
crease in  ' other  choleslc tyl  < -ters  excludin';: 
IS: 2 ■ tul  20. 1 t I . b!c  3)  '.is  ■ ■ u :st.  s • -o..,.i 
oil  produced  a 50  shrink. me  in  the  ■ "I 
amount  of  Is  2 in  the  cynamoleus.  hr.  rail, 
doubled  the  "othci  ch  I 

lions  rc-ultin;  in  no  chance  m tin  t > d 
plasma  cholesterol  poo'  I he  percent  ol 
30:4  was  significantly  ineic.ised  l>v  saltl  mvr 
oil.  even  thou  ’ll  the  absolute  . mu  ol  this 
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TAHl  1 : 

I i*l  \itainir  I defioency  on  esierihed,  tree,  ratio  of  eslerilied 
to  free,  ,.nd  total  plasma  cholesterol  in  two  species  of  monkeys 
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increase  in  the  per  cent  ace  of  “other"  cho- 
lesleryl  esters  (Table  3). 

Discussion 

These  data  suggest  that  vitamin  1 defi- 
ciency depressed  plasma  LCA 1 esterifica- 
tion. the  effect  hcii  .:  greatest  in  those  mon- 
keys ted  the  diet  ru  . in  poly unsaturateJ  fatty 
acids  and  in  the  species  that  developed  the 


most  severe 

defu  . 

ncy  (l-t.  19).  Since  the 

requirement 

for  v ■ : . 

.min  1:  is  iclated  to  the 

amount  of  p 
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united  fat  in  the  diet  (2). 
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On  the  other  hand,  the  concept  of  substrate 
depression  by  vitamin  h deficiency  was  not 
supported  by  monkeys  fed  the  coconut  oil  diet 
without  vitamin  I since  plasma  from  these 
monkeys,  at  least  the  capuchins,  ler.deJ  to 
have  depressed  IT  A f activity  without  leal 
decreases  n PL'  1* A esters  or  flee  cholesterol. 
In  addition,  a recent  study  in  rats  confirm::,  1 
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m r.keys.  However,  neithef  lecithin  nor 
PI  I \ esters  were  measured  in  that  study 
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September  4,  1974  , 

Afternoon  - 3.00-6.15  p.m.  J 

Section  4 - Room  D i 

I 

HUMAN  PATHOLOGY 

Chairmen:  Mickel  H.  S..  Tettamanti  G. 


.00  • 3.15  p.m. 

.15-  3.30  p.m. 

).30  - 3.45  p.m. 

3.45  - 4.00  p.m. 

4.00-4.15  p.m. 

4.30-4.45  p.m. 

4.45-5.00  p.m. 

5 00  - 5.15  p m. 

5.15-5.30  p.m. 

5.30  -5.45  p m 

5 45  - 6 00  p.m. 

6 00  - 6.15  p.m. 


Balta  N..  Mesinger  V.  and  Cirja  N.  ( Romania ) 
Disc  electrophoresis  of  serum  lipoproteins  in 
some  internal  diseases. 

Bohm  8 . Gabor  S..  Zugravu  E.  and  Kovats  A. 
(Romania) 

Lung  and  alveolar  lipids  in  experimental  sili- 
cosis. 

Balta  N..  Metz  L..  Capalna  S..  Gioia  G.  and  Cru- 
ceanu  I.  (Romania) 

Lipemia  and  serum  lipid  fractions  in  atheroscle- 
rosis. Pathophysiologic  implications. 

Cipollina  Mangiameli  G.  (Italy) 

The  conditionings  in  the  dismetabolic  etiopa- 
thogenesis  of  fats. 

James  J A..  Bolton  C.  H.  and  Read  A.  E.  (U  K.) 
Experimental  production  of  lipoprotein  X (LPX) 
in  the  absence  of  obstructive  jaundice. 

Mickel  H.  S..  Hill  P.  L.  and  Hayes  K.  C.  (USA) 
Depression  of  the  plasma  lecithin-cholesterol 
acyftransferase  reaction  in  vitamin  E deficiency. 

Mickel  H.  S..  Horbar  J.  L.  and  Stamets  J.  (USA) 
Peroxidized  arachidonic  acid  effect  on  human 
platelet  aggregation. 

Hausdorler  J..  Heller  W.,  Junger  H.  and  Olden- 
kott  P.  (W.  Germany) 

Modification  of  fat  metabolism  following  expe- 
rimental head  injury. 

Junger  H..  Heller  W.  and  Hausdorler  J.  (W. 
Germany) 

Studies  of  fat  metabolism  in  banked  blood. 

Gass  G.  H..  Allaben  W.  T„  Brown  H.  J..  Liu  S.  L. 
and  Bentrley  M.  J. 

The  endocrine  role  of  dietary  lipids  in  mam- 
mary tumor  formation. 

Van  den  Berg  D (Netherlands) 

Problems  in  initiating  n-3  Deficiency  in  rat  brain. 

Karageosian  C.  G.  (USSR) 

Enzymatic  systems  involved  in  initial  steps  of 
phosphatidogenesis  in  normal  and  pathological 

states. 
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DEPRESSION  OF  THE  PLASMA  LECITHIN  CHOLESTEROL 
ACYLTRANSFERASE  REACTION  IN  VITAMIN  E DEFI- 
CIENCY. 

H.S.  Mickel,  L.  Hill  and  K C.  Hayes. 

Children's  Hospital  Medical  Center  & Harvard  School  of  Public 
Health  Boston,  Massachusetts,  U S A. 

Vitamin  E deficiency  was  studied  in  two  species  of  monkeys;  a 
reduction  in  the  extent  of  esterification  by  the  plasma  lecithin 
cholesterol  acyltransferase  reaction  occurred  in  both  species  The 
reduction  was  greatest  in  animals  fed  a diet  rich  in  polyunsatura- 
ted fat  and  stripped  of  vitamin  E content.  A decrease  in  the 
concentration  of  circulating  polyunsaturated  fatty  acid  cholesteryl 
esters  occurred  in  the  vitamin  E deficient  animals.  Since  the  pla- 
sma lecithin-cholesterol  acyltransferase  reaction  has  been  shown 
to  be  dependent  upon  sulfhvdryl  sites  on  the  enzyme,  it  is  propo- 
sed that  the  observed  reduction  in  esterification  of  cholesterol  is 
due  to  alteration  of  these  sulfhvdryl  sites.  A reduction  in  the 
plasma  lecithin-cholesterol  acyltransferase  reaction  has  been  repor- 
ted by  us  to  occur  during  exposure  in  vivo  to  a pure  oxygen 
atmosphere,  a condition  known  to  predispose  to  lipid  peroxida- 
tion. 
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PEROXIDIZED  ARACHIDONIC  ACID  EFFECT  ON  HU- 
MAN  PLATELET  AGGREGATION. 

H.S  Mickel,  ].L.  Horbar  and  J.  Stamets. 

Children’s  Hospital  Medical  Center,  Boston,  Massachusetts 
USA. 

The  addition  of  peroxidized  arachidonic  acid  to  suspension  of  hu 
man  platelets  in  buffer  or  to  platelet-rich  plasma  results  in  a- 
brupt  platelet  aggregation.  Unpcroxidized  arachidonic  acid  effects 
a much  slower  rate  of  aggregation,  comparable  to  that  described 
for  saturated  fatty  acids. 

High  concentrations  of  adenosine  and  prostaglandin  Ei  blocked 
the  effect  of  peroxidized  arachidonic  acid  induced  pLueler  aggrega- 
tion in  platelet-rich  plasma.  Similar,  prior  treatment  in  vivo  with 
high  doses  of  aspirin  inhibited  the  in  vitro  platelet  aggregation 
response  to  peroxidized  arachidonic  acid 

Peroxidized  arachidonic  acid  can  be  adsorbed  onto  platelet  aggre- 
gates in  vitro  without  desctruction  of  the  lipid  peroide. 

Peroxid  zed  eicosatrienoic  acid  and  peroxidized  Iinolric  acid  had 
no  appreciable  effect  on  platelet  aggregation. 
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September  5,  1974 
Afternoon  • 3 00-645  p.m. 
Section  14  - Room  D 


AUTOXIDATION  AND  ANTI-OXYDANTS 

Chairmen:  Graille  J„  Fukuzumi  K. 


,3.00-3.15  p.m. 

3.15-3.30  p.m. 

3.30-3.45  p.m. 

3.45-4.00  p.m. 


Fukuzumi  K„  Ikeda  N.  and  Egawa  M.  (Japan) 
New  antioxidants  and  synergists  for  the  auto- 
xidation  of  fatty  acid  esters. 


Fromberz  P.  (W.  Germany) 

Lipoid  pH-  indicator  in  monolayers  of 
and  proteins. 


lipids 


Fricker  A.  (W.  Germany) 

Influence  of  thermal  treatment  on  the  lipid  com- 
pounds of  spinach. 


Tirzit  G.  D.  and  Dubur  G.  Ya.  (URSS) 

■ 1,4  dihydropyridine  derivatives  •.  A new  class 
of  lipid  antioxidants. 


4.00-4.15  p.m. 


Allen  J.  C..  Crook  E.  M.  and  Farag  R.  S.  (U.K.) 
The  metal-catalysed  oxidation  of  lipids  in 
aqueous  emulsion  and  the  influence  of  specific 
phospholipids  on  the  reaction. 


4.15-4.30  p.m. 


El-Zeany  P.  A.  and  Pokorny  J.  (Czechoslovakia) 
Brown  products  of  oxidized  fish  oil  esters  - Pro- 
tein interaction. 


4.45-5.00  p.m. 


Meara  M.  L.  and  Weir  G.  S.  D (U.K.) 

The  effect  of  P-carotene  on  the  stability  of 
palm  oil. 


5.00-5.15  p.m. 


Graille  J..  Guillaumin  R.  and  Naudet  M.  (France) 
Comparison  of  various  chromatographic  me- 
thods in  the  field  of  isolation  and  study  of  oxi- 
dative and  thermal  alteration  products  of  fats. 


5.15-5.30  p.n 


Paled  M.  and  Letan  A.  (Israel) 

Studies  of  cottonseed  oil  exposed  to  condi- 
tions of  frying.  


'■5.30-5.45  p.n 


Mickel  H.  S„  Horbar  J.  L.  and  Gerwitz  M.  (USA) 
Autoxidation  of  polyunsaturated  fatty  acid  me- 
thyl esters  in  oxygen  mixture  atmospheres. 


, 5.45  - 6.00  p.m. 


Pokorny  J.,  Tai  P..  and  Janicek  G.  (Czecho- 
slovakia) 

Autoxidatives  browning  of  phospholipids. 
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AUTOXIDATION  OF  POLYUNSATURATED  FATTY  ACID 
METHYL  ESTERS  IN  OXYGEN  MIXTURE  ATMOSPHERES. 


H.S.  Mickel,  ) L Horbar  and  M.  Gcwirlz 
Children’s  Hospital  Medical  Center,  Boston. 
USA. 


Massachusetts, 


Autoxidation  of  methyl  linoleate  in  vitro  by  exposure  at  50  C to 
oxygen  mixture  atmospheres  is  greater  in  a 809b  helium-  209b  o- 
xygen  (vol.  96)  atmosphere  than  in  an  809b  argon-  2096  o- 
xygen  atmosphere.  In  turn,  autoxidation  is  ereater  in  an  8096 

argon-  2096  oxygen  atmosphere  than  in  an  8096  nitrogen-  20't  o- 
xygen  atmosphere.  Comparable  findings  occurred  with  peroxida- 
tion of  methyl  linolcnate.  It  is  proposed  that  the  observed  pheno- 
menon is  attributable  to  a quenching  gas  effect  or  to  phvsical 
interaction  of  the  inert  gas  with  the  unsaturaied  lipid. 
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UJTOXIDATIVE  BROWNING  OF  PHOSPHOLIPIDS. 


J.  'Pokorny,  P.  Tai  and  G.  Janilek. 

DcpVof  Food  Chemistry,  Prague  Institute  of  Chemical  Techno- 
logy, league,  Czechoslovakia. 


Phosphatidyl  ethanolanine  and  phosphatidyl  choline  isolated  from 
egg  yolk  w«Je  oxidized  in  thin  films  at  20  - 100°C  in  dark  and 
under  excessSif  oxygen.  At  the  same  degree  of  oxygen  absorption 
phosphatityl  erhdine  became  only  slightly  coloured  but  phospha 
tidyl  ethanolamirK  turned  dark  brown.  Brown  products  were  for- 
med through  colouNess  intermediates  by  decomposition  of  peroxi- 
des. The  brown  products  were  fractionated  by  chromatography 
on  DECAE-cellulose  and  on  Sephadex  LH  20  and  spectral  chara- 
cteristics  of  the  fraction^M-ere  determined  One  fraction  was  rich 
in  nitrogen,  on  contrary,  some  fractions  were  nitrogen  free  Brown 
products  were  saponified  a>\d  the  acidic  fraction  separated  by 
TLC  on  silicic  acid.  Less  polar  products  were  light  in  colour, 
contained  only  traces  of  nitrojwn.  a carbonyl  and  a hydroxyl 
group.  The  brown  less  mobile  fraction  was  rich  in  nitrogen  and 
oxygen  and  contained  an  imino  grVip  The  acetylation  or  trea 
tment  with  phthalic  anhydride  of  pllysphatidvl  eihanolamtne  did 
not  prevent  oxidative  browning  but  thX formaldehyde  mated  pro- 
duct did  not  turn  brown.  Mitures  of  aihvl  linoleate  and  ecta 
decyl  amine  became  yellow  only  slowly  dhiing  autoxidation  All 
fractions  of  brown  products  were  bleacher!  by  treatment  with 
hydrogen  peroxide. 
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TORAGE  OF  CEREAL  PRODUCTS  AND  OXIDATION  OF 
FDSUJR  LIPIDS. 


P Schefi^ldt 

Agrikulturclt^m.  Institut  ETHZ,  Zurich,  Switzerland 


During  the  stoHce  of  certain  cereal  products  (i.e  babsfi'ods,  bre 
ad)  the  development  of  off-flavor  is  observed  This  off  flavor  is 
probably  formed  by\be  oxidation  of  flour  lipids  White  wheat 
flour  contains  only  abobl  1.596  lipids  However  this  small  quan 
tity  can  be  responsible  forS^ie  deterioration  of  a numbet  of  pro- 
cessed cereals. 

Storage  experiments  were  carriellqout  on  wheat  flour,  roller  dried 
wheat  flour  and  bread  by  followinj'vthe  changes  in  lipid  composi- 
tion (t.l.C.  and  g 1 c .).  Wheat  flour  rlrnwed  an  im  lease  in  free 
fatty  acids  and  a decrease  in  slerolestefv  while  the  other  lipid 
components  showed  practically  no  changes  >p  roller  dried  wheat 
flour  and  bread  a decrease  in  free  fatty  aciiNqwas  the  most  o- 
bvious  change  while  new  bands  appeared  in  tPfc.  It  was  fx-en 
shown  by  GRAVELAND  that  the  free  fatty  acicRsgrc  readily 
oxidised  in  heat  flour/water  systems  by  flour  lipoxy>v»se  to 
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/Cj-I^Cj  Stazione  Sperimentale 

per  le  Industrie  degli  Oli  e dei  Grassi 


20133  MILANO  29.12. 1976 

VIA  GIUSEPPE  COLOMBO.  79 
TELEFONO  23.61.051/2/3/4 


Mr.  HUBERT  S.  MICKEL,  M.D. 
Department  of  Neurology 
Children's  Hospital  Medical  Center 

BOSTON,  Massachusetts  02115  USA 


Dear  Sir, 

t 

with  regard  to  your  kind  letter  of  November  13,  1976  we 
inform  you  that  the  cost  for  200  additional  reprints  of 
your  article  "Effect  of  inert  gases  and  nitrogen  on  the 
autoxidation  of  cis  and  trans  polyunsaturated  fatty  acid 
methyl  esters"  will  be  60.000  Liras  + postage. 


Awaiting  your  reply  we  are, 


Yours  sincerely 


[geaefajj 

pepublic 

SiBBZfi 
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ll.ft.lQA  THE  E7FBCT  OP  UREMIC  PEPTIDE  ON  IN8ULIN-ST1MU- 
1 W LATED  Mg  -ATPaee  ACTIVITY  OP  HUMAN  ADIPOCITBS 

1.  Lutx 

Department  of  Medical  Analytic*,  Institute  of 
Internal  Medicine,  90- ^*9  L6d±  /Poland/ 


13-8-195 


THE  PHYSICAL.  CHEMICAL  AND  IKWUNOLOC ICAL  PROPERTIES  OF  AN 
ADULT  HUMAN  KIDNEY  PLASMINOGEN  ACTIVATOR 
Neel eg,  T..  Pye,  E.  K.  nd  Iyengar.  M.  R. 

Department  of  Aniaa)  Biology,  Laboratories  of  Biochemistry , 
School  of  Veterinary  Medicine.  University  of  Pennsylvania, 
Philadelphia.  PA  19174  U.S.A. 


Pros  uranic  plaana  there  was  Isolated  a peptide  with 
strong  alkaline  properties,  of  which  presence  has  not 
been  found  in  plaaaa  of  healthy  men.  This  uremic  pepti- 
de, added  to  incubatiTe  medium  containing  shadows  of 
huaaa  adipocytes,  inhibited  stimulative  effect  of  in- 
sulin on  Mg**-ATPase  activity.  Inhibitory  effect  pro- 
duced by  the  uremic  peptide  was  greatly  decreased  after 
Introduction  of  albumin  to  incubative  medium.  The 
uremic  peptide  had  no  direct  Influence  on  Mg**-ATPaae 
activity. 


A plasminogen  activator  was  isolated  from  the  tissue  culture  growth 
media  of  adult  human  kidney  (AHK)  tissue  culture  cells.  Purif icet ion  of 
the  plasminogen  activator  by  existing  affinity  chromatography  methods 
resulted  in  specific  activities  greater  than  SO, 000  CTA  units  per  mg 
protein.  Gel  exclusion  chromatography  and  SDS  disc  gel  electrophoresis 
studies  showed  that  the  AHK  plasminogen  activator  possesses  a molecu- 
lar weight  of  SS.000  daltons.  Ampholine  disc  gel  electrophoresis  of 
the  AHK  plasminogen  activator  and  urokinase  (Serano  Laboratories)  gene- 
rated am  isoelectric  point  of  pH  8.7S  for  both  enzymes.  Kinetic  analy- 
sis of  the  AHK  plasminogen  activator  using  the  CTN  assay  yielded  a Km 
(CTN)  value  of  4.5x10**  end  a Vm(CTN)  ef  8.11x10*10  moles  of  p-mtro- 
phenoxlde  released  per  second  per  CTA  unit.  Competitive  inhibition 
kinetics  were  observed  with  the  ligands  BAA  and  TAME.  Inhibition  con- 
stants of  1.0x10**  and  3.8x10**  M were  obtained  for  BAA  and  TAME  re- 
spectively. Using  the  casein  assay,  we  observed  a pH  maximum  of  8.9 
for  the  AHK  plasminogen  activator.  Rabbit  antiserum  was  prepared 
against  the  purified  AHK  plasminogen  activator  and  upon  double  immuno- 
diffusion, lines  of  identity  were  observed  between  the  AHK  and  human 
urine  plasminogen  activators.  Double  iamunod if  fusion  experi-ents  using 
antiserum  against  urokinase  also  resulted  in  lines  of  identity  between 
the  two  human  plasminogen  activators.  The  AHK  plasminogen  activator 
was  observed  to  be  immunological ly  similar  but  not  identical  to  a 
plasminogen  activator  purified  from  the  tissue  culture  growth  media 
of  adult  pig  kidney  cells. 


H.S.  Klckel.  R.  Anaerl,  and  J.  Horbar 

Children' a Hospital  Medical  Center,  Boston,  HA  02115  U.S.A. 
Harvard  Medical  School,  Boston,  HA  02115  U.S.A. 

Vr ant ham  State  School,  Wrentham,  HA  02093  U.S.A. 


tutoxldatlon  of  methyl  llnoleate  and  methyl  llnoleldate  were  studied 
by  coating  a thin  film  of  the  methyl  ester  onto  the  wall  of  a swirling 
flask,  incubated  at  50  C,  and  exposed  to  an  atmosp rere  of  approximately 
20 % oxygen  with  the  balance  en  inert  gas,  carbon  dioxide,  cr  nitrogen. 
Gases  present  in  tne  atmosphere  other  tran  oxygen  alter  the  rate  of 
the  a ut oxidation  reaction  witn  fatty  acids  containing  double  bonds  in 
the  els  configuration.  7r.e  greatest  autoxldatlon  occurs  in  a helium- 
oxygen  atmosphere,  lees  occurs  in  an  argon-oxygen  atmosphere,  end 
still  less  in  a nitrogen-oxygen  atmosphere.  Little  difference  is 
noted  in  the  autoxldati.cn  reaction  in  these  oxygen  mixture  atmospheres 
with  fatty  acids  containing  double  bonus  in  the  trans  configuration. 
Monolayer  studies  of  autoxidation  were  carried  out  by  incubating 
fatty  acids  coated  onto  silica  gel  by  the  method  of  Head  end  Sgoutaa. 
Differences  in  autoxidation  of  cia  and  trans  fatty  acids  in  oxygen 
mixture  atmospheres  were  again  observed. 

The  observations  indicate  an  interaction  between  the  inert  gases  end 
da  double  bonds,  but  not  trans  double  bonds.  Such  an  Interaction 
wight  account  for  the  phenomenon  of  inert  gaa  narcosis,  the  high 
pressure  neurological  ayncrome,  as  well  as  other  pnyaiological 
phenomena  observed  under  hyperbaric  conditions. 


IO  Q_  1Q7  VERY  ION  DENSITY  LIPOPROTEIN  (VLDL)  C0*>0SITICN  IN 
IU  U 131  FAMILIAL  HYPERL1PCFR0TE1MEMIA 
I.C.  Ononoqbu  and  B.  Lewis 

Department  . Chemical  Pathology,  Royal  Postgraduate 
Medical  School,  OuCarve  Road,  England. 

VLDL  concentration  varies  substantially  In  the  different  hyperllpc- 
protelnaemlc  states.  In  me  rare  entity  type  III  hype rl Ipopro tel n- 
aerda,  VLDL  composition  Is  known  to  be  abnormal,  but  In  most  forms  of 
human  r.yperUptdaefia  this  has  rot  been  e*tens1vely  studied.  The 
cholesterol  and  triglyceride  ccrtents  of  VLDL,  Isolated  by  preclplt- 
| ation  with  sodium  dodecyl  sulprate  was  measured  in  19  controls  and 
j 26  patients  with  familial  hyperl1poprote’"ae-ia.  In  the  controls. 

J cholesterol  to  triglyceride  ratio  was  0.32-0.01  (S.E.M.).  The  VLDL 
j lipid  ratio  was  not  significantly  different  In  patients  with  raised 
I low  density  lipoprotein  (LDL)  levels  (C. £9-0. 03,  n-6).  In  type  III 
i the  ratio  was  confirmed  to  be  nign  (0.51-0.03,  n*4)  (p< 0.00*1).  In 
; 8 patients  with  raised  levels  of  LD(j  and  VLOL  (type  lib),  VLDL 
' composition  was  also  abnormal  (C.3R-O.C2)  ( p <0.05).  Those  with 
I nigh  yiDL  levels  (type  IV)  had  a s igr.iflcar.tly  (p<0.01)  low  ratio 
[ (0.24-0.02,  n»8).  In  this  condition,  enhanced  endogenous 
' triglyceride  transport  nay  be  mediated  by  Increased  triglyceride 
r content  of  VLDL  as  well  as  Increased  mmber  of  circulating  VLDL 
| molecules. 
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13.fl.1QQ  THE  RELATIONSHIP  BETWEEN  THE  CIT  SUBCOMPONENT  OF  CIT  AND 
W ,au  AMYLOID  P-C0-D0NENT. 

Ij.  H.  Painter.  P.  A.  Taylor,  & T.  Hofmann 
Department  of  Biochemistry , University  of  Toronto, 
Ontario.  MSS  1A1 , Canada. 


fit  Is  a 9.5  S al  glycoprotein  Isolated  from  human  sen**  by  affinity 
chroma tograohy  on  IgG  sepharose.  It  for-*s  cart  of  the  calculm 
linked  macrono’ecular  Cl  complex.  The  molecular  weight  of  Clt  his 
*•••  shewn  by  sedimentation  eoul librium  analysis  to  be  233.000  and 
to  be  conoosed  of  10  identical  subunits  of  molecular  -tight  23, COO 
•rranged  in  the  form  of  2 pertagons  Joined  at  one  of  their  faces. 

TNI*  protein  appears  In  electron  micrographs  with  negative  staining 
•*  Pentagonal  figures  85  Aw  In  diameter  which  as  rods  of 

••eying  length.  The  electron  micrograph*  show  a stroro  resemblance 
to  those  of  P-comoonent,  a 9.5  S «1  olasma  glycoprotein  purified  from 
amyloid.  Indeed  Clt  and  P-comoonent  have  been  shown  to  react 
Statically  with  each  other's  a"t1sera.  Both  primary  and  secondary 
may  be  stained  with  antisera  to  Clt.  The  a-1  no  acid 
and  sequence  studies  Indicate  marked  similarities 
f*J***1’  Clt  and  P-comporent  although  some  slqnificant  differences 
••toeen  the  sequences  were  evident.  The  N-temmlnal  amleo  acid 
••wWfnC#  Shews  about  501  homology  with  the  N-temMntl 

_l  of  C reactive-protein,  a phqsphonrl -chol W binding  protein 

»o  co*tsrl led  of  23,000  molecular  weight  subunits.  The  relatlon- 
M and  differences  between  these  three  proteins  will  be  discussed. 


13.fl.1QQ  THE  EFFECT  OF  EARLY  NUTRITION  ON  LIPID  METABO- 
l«J  u l33USg  0P  THE  aDJLT  RATS 

M.  Palkovi;,  N.  Skottovd 

Institute  of  Experimental  Endocrinology  Slovak 

Academy  of  Sclances(Bratl  slava, Czechoslovakia 

In  order  to  demonstrate  tne  possible  late  consequences 
of  early  nutrition  on  lipid  metabolism  In  tr.e  rats,  we 
studied  tr.e  level  of  blood  lipids  / trigiyceri  den.Nr.FA , 
Cholesterol, pr.oepr.oli  plda  ar.d  lipoproteins  /and  activity 
of  malic  enzyme  / L-nn  1 ate : N A L P decarboxy iatlng  oxicore- 
ductase,  EC  1.1.1.40/  ar.d  ATP  citrate  lyase  /EC  4. 1.3. 6/ 
In  tne  liver  of  tne  adult  rate  /aactr.a  old/  fed  tne  usu- 
al laboratory  diet  with  various  content  of  cholesterol 
between  16-to  30  postnatal  days.  he  did  not  observed  any 
setabolic  disturbance  under  resting  conditions,  however, 
after  exposition  of  tress  old  animale  to  nign  choleste- 
rol diet,  tne  rate  witn  low*r  early  Intake  of  choleste- 
rol r.ad  nlgher  level  of  blocd  chclesterol,  hlgner  con- 
centration of  beta  lipoprotein  cholesterol  and  nigner 
activity  of  liver  enzymes.  Tneee  results  suggested  im- 
portant role  of  early  nutrition  on  lipid  metabolism. 


•rtH  by  MIC  .f  Canid. 
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Dear  Colleague: 

It  is  a pleasure  to  advise  you  that  the  funds  whose  receipt  was  anticipated  when  you 
were  recently  notified  of  the  actions  of  the  Travel  Award  Committee  have  materialized 
and  you  are  one  of  201  awardees  receiving  travel  grants  in  the  amount  of  $500.  Here- 
with you  will  find  the  award  to  be  used  to  facilitate  your  participation  in  the  10th 
International  Congress  of  Biochemistry,  convening  in  Hamburg,  Federal  Republic  of 
Germany,  25-31  July  1976. 

We  hope  that  your  participation  in  the  Congress  will  help  to  make  for  effective  U.S. 
representation  at  the  meeting,  to  advance  biochemical  science,  and  to  contribute  to 
your  personal  and  professional  advancement  as  well. 

You  are  reminded  that  the  Federal  Agencies  as  donors  of  the  bulk  of  the  funds  being 
distributed  have  specified  that,  wherever  possible,  individual  awardees  are  expected 
to  use  U.S.  flag  carriers,  particularly  for  the  transatlantic  portions  of  their  travel. 

Please  be  sure  to  notify  this  office,  as  promptly  as  possible,  in  the  event  that 
circumstances  change  so  that  you  will  not  need  or  cannot  use  this  travel  award.  We 
have  a substantial  standby  list  of  highly  qualified  biochemists  who  would  appreciate 
the  opportunity  to  use  funds  released  by  any  of  the  present  list  of  awardees.  Your 
prompt  return  of  the  money  awarded  you,  in  the  event  your  plans  change,  will  be  much 
appreciated  by  the  individuals  on  that  standby  list. 

You  will  also  find  herewith  a certification  of  attendance  at  the  Congress,  which  you 
are  requested  to  complete  and  return  as  promptly  as  possible  following  the  conclusion 
of  the  Congress.  Attempts  will  be  made  to  correlate  your  answers  in  the  hope  that  they 
will  be  useful  in  supporting  future  proposals  for  travel  award  funds.  The  responses  of 
the  recipients  of  travel  awards  to  the  Stockholm  Congress  were  of  significant  value  in 
obtaining  funds  for  the  present  program. 


All  good  wishes  for  a pleasant  and  profitable  stay  in  Hamburg. 

/ 

Yours/sincerely, 


7m 


Robert  A.  Harte 


RAH/mak 
Enclosures:  2 
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INTERACTION  OF  LIPIDS  WITH  INERT  GASES 

Mickel  and  coworkers  have  observed  remarkable  differences  in  the 
extent  of  autooxidation  of  ci s and  trans  lipid  molecules  in  various 
oxygen-atmosphere  mixtures.  For  the  cis-li pid,  autooxidation  for  a 
fixed  volume  percent  of  oxygen  is  greater  for  a helium-oxygen  atmosphere 
than  an  argon-atmosphere,  which  in  turn  is  greater  than  in  a nitrogen- 
oxygen  atmosphere.  For  the  trans-1 i pi d , the  extent  of  autooxidation  is 
not  affected  by  the  gas  other  than  oxygen.  The  isomeric  lipid  molecules 
differ  only  in  the  configuration  of  a pair  of  double  bonds.  The 
molecule  referred  to  as  "cis"  is  cis-9 , ci s- 12-octadecadi enoi c acid  and 
the  molecule  referred  to  as  "trans"  is  trans-9,  trans- 12-oxtadecadi enoi c 
acid.  Thus  the  marked  differences  seen  in  the  autooxidation  strongly 
suggest  that  there  may  be  a specific  interaction  of  the  inert  gas  (helium, 
argon,  or  nitrogen)  with  the  carbon-carbon  double  bonds.  Such  an 
effect  would  have  much  fundamental  interest  and  might  elucidate  many 
unexplained  i n vi vo  phenomena  involving  autooxidation  in  the  presence 
of  artificial  atmospheres. 

Discussions  with  Dr.  Mickel  have  led  us  to  propose  a collaborative 
study  in  which  we  seek  to  examine  the  interaction  of  these  lipid 
molecules  and  simpler  model  compounds  with  the  rare  gases  and  other 
inert  molecules  to  look  for  specific  binding  at  the  double  bonds.  This 
work  would  take  advantage  of  molecular  beam  and  mass  SDectrometri c 
methods  to  examine  the  molecular  interactions.  Three  experimental 
programs  are  planned.  (1)  A gas  flow  kinetic  apparatus  would  be 
constructed  to  repeat  under  more  controlled  conditions  the  original 
experiments  of  Mickel  and  coworkers , and  to  extend  those  to  Xenon  and 


other  molecules  for  which  we  suspect  the  effect  might  be  even  more 
pronounced.  (2)  A molecular  beam  study  would  be  carried  out  in  which 
the  lipid  is  mixed  in  a supersonic  nozzle  source  with  various  inert 
gases  and  the  mass  spectrum  examined  for  evidence  of  complex  formation. 

(3)  In  another  molecular  beam  apparatus,  beams  of  the  lipid  or  model 
compounds  would  be  collided  with  beams  of  the  inert  gases  and  the 
scattering  pattern  analyzed  to  derive  information  about  the  potential 
energy  function  for  the  interaction. 

Our  laboratory  has  been  devoted  to  molecular  beam  studies  for  the 
past  seventeen  years  and  has  developed  many  of  the  basic  methods  which 
all  ow  direct  observation  of  molecular  interactions.  The  studies  of  the 
lipid  systems  would  be  carried  out  by  a postdoctoral  fellow.  Dr.  Will 
Lee,  and  by  two  graduate  students,  Mr.  Kit  Bowen  and  Mr.  Jonathan  Sokol. 

All  would  be  involved  in  the  three  stages  of  the  work.  Dr.  Lee  has 
much  experience  with  molecular  beam  methods  appropriate  to  this  study. 

In  particular,  he  has  just  concluded  a major  research  investigation  of 
the  complex  formation  in  supersonic  beams  of  water,  ammonia,  and  methanol; 
this  involved  the  analysis  of  mass  spectra  patterns  for  clusters  of  these 
molecules  formed  in  the  supersonic  expansion.  For  example,  he  could 
observe  clusters  of  water  or  ammonia  containing  twenty  or  thirty  molecules. 
Messrs.  Bowen  and  Sokol  have  also  had  much  experimental  experience  with 
beam  techni ques . • 

We  would  expect  the  design  and  construction  of  the  kinetic  apparatus 
for  the  stage  (1)  study  would  be  completed  within  2 months  and  those 
experiments  would  then  be  pursued  under  the  di rect  supervision  of  Dr.  Mickel. 
The  first  step  in  the  molecular  beam  studies  (2)  and  (3)  could  be  started 


immediately.  This  will  involve  a study  of  the  vaporization  properties 
and  the  mass  spectroscopic  fragmentation  pattern  of  the  ci s and  trans 
lipid  molecules.  Unless  unforeseen  difficulties  intervene,  we  would 
expect  that  within  6 months  the  beam  studies  would  have  progressed 
far  enough  to  demonstrate  whether  a specific  interaction  of  the 
inert  gases  with  double  bonds  exists  in  these  compounds. 
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PROGRESS  REPORT 

(August  15  to  December  1,  1976) 

I 

The  kinetic  apparatus  has  been  constructed  and  three  sets  of  preliminary 
experiments  have  been  carried  out  to  check  the  oriainal  results  of  Mickel  and 
coworkers.  Several  runs  have  been  made  for  He/02,  Ar/02  and  N2/02  mixtures 
interacting  with  the  cis  lipid.  Satisfactory  experimental  reproducibility 
has  not  yet  been  achieved.  However,  we  hope  soon  to  obtain  marked  improvement 
by  adding  suitable  normalization  procedures  and  we  have  now  almost  operational 
a qas  chromatography  unit  for  this  purpose. 

A "solubility  meter"  has  been  designed  and  constructed  to  determine 
Henry's  law  constants  for  interaction  of  gases  with  lipids.  These  measurements 
will  be  carried  out  within  the  next  month. 

Molecular  beam  studies  of  the  interaction  of  Ar,  Kr,  and  N2  with  cis-and 
trans-butene  have  been  carried  out.  This  simole  system  was  examined  to  provide 
a reference  model  for  comparison  with  the  similar  experiments  beina  prepared 
for  the  lipid  systems.  In  these  experiments  with  butene,  the  olefin  vapor 
at  a partial  pressure  of  a few  torr  was  mixed  with  an  excess  of  the  interactina 
gas  at  a pressure  up  to  1000  torr  and  expanded  through  a pin-hole  nozzle  into 
the  high  vacuum  system.  The  composition  of  the  resulting  molecular  beam  was 
examined  by  mass  spectroscopy.  The  experiments  were  repeated  for  a ranoe  of 
source  temperatures  and  mixing  ratios  of  the  gases.  The  mass  spectra  show 
that  the  butene  molecules  interact  strongly  to  form  substantial  yields  of 
butene  dimers  and  even  higher  polymers  but  there  is  no  evidence  for  significant 
formation  of  complexes  between  the  butene  and  Ar,  Kr,  or  N2.  Of  course,  butene 
differs  drastically  from  the  lipid  molecules  of  interest,  which  have  a pair  of 

double  bonds  separated  by  a CH2  group.  However,  this  result  already  serves  to 
establish  that  any  hypothesis  which  attempts  to  explain  the  auto-oxidation 

behavior  of  the  lipids  in  terms  of  formation  of  a comDlex  with  the  inert 
gas  must  consider  more- than  a possible  complex  with  a sinqle  double  bond. 

- — - i 
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Hubert  S.  Mickel,  M.D.  Effects  of  Inert  Gases  on  Lipids 

SUMMATION 


A phenomenon  was  observed  during  the  period  of  this  contract 
which  has  high  potential  usefulness  for  the  Navy  in  its  understanding  of 
the  effects  of  atmospheres  on  biological  systems.  There  appears  to  be  an 
interaction  between  various  gases  and  polyunsaturated  lipids  having  two 
or  more  bonds  in  cis  configuration,  and  a mothylene  carbon  between  the 
double  bonds,  as  in  linoleic  acid.  There  were  limitations  as  to  the  kind 
of  information  that  might  be  proferred  regarding  a mechanism  for  this 
interaction,  should  this  investigation  be  kept  within  the  lipid  neuro- 
chemistry laboratories  at  the  Wrentham  State  School  and  Children's  Hospital 
Medical  Center.  For  this  reason,  a collaborative  undertaking  was  sought 
and  obtained  with  Professor  Dudley  Herschbach,  of  the  Department  of  Chemis- 
try at  Harvard  University,  where  the  technique  of  molecular  beam  spectroscopy 
was  available  to  explore  this  topic.  The  contract  has  been  renewed  through 
the  Department  of  Chemistry  with  a new  contract  number,  N00014-77-C-0216 , 
effective  March  15,  1977.  Definitive  information  regarding  the  nature  of 
the  observation  is  expected  by  transferring  the  investigation  to  the  Depart- 
ment of  Chemistry. 

There  are  several  topics  which  papers  are  expected  to  be  submitted 
for  publication  besides  those  listed  in  this  report.  An  alteration  of 
arachidonic  acid  levels  in  the  liver  in  children's  dying  with  Reye's  syn- 
drome was  observed  and  a manuscript  on  this  topic  is  being  prepared  with 
speculation  regarding  the  mechanism  of  the  polyunsaturated  fatty  acid 
reduction  and  its  role  in  the  disease  process.  Further  observations  on 
the  effects  of  various  peroxidized  polyunsaturated  fatty  acids  on  platelet 
aggregation  were  made,  reported  at  the  International  Society  for  Fat  Research 
Meetings  in  Milan,  Italy,  in  September,  1974,  but  not  yet  prepared  for 
publication.  On  each  of  these,  as  well  as  other  topics,  when  submitted  for 
publication,  acknowledgement  will  be  made  to  the  ONR  and  to  this  contract. 

The  biological  aspects  of  peroxidized  lipids  are  now  being  inves- 
tigated in  a collaborative  undertaking  with  Dr.  K.  C.  Hayes  of  the  Department 
of  Nutrition,  Harvard  School  of  Public  Health,  and  the  instrumentation  and 
laboratory  equipment  not  brought  to  the  Department  of  Chemistry  have  been 
transferred  to  these  laboratories.  Funding  for  this  aspect  of  the  work  is 
not  currently  supported  by  the  Office  of  Naval  Research. 
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